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PREFACE. 


The  paxiiculax  aim  of  this  treatise  is  to  furnish  seamen  with 
thoroughly  practical  hints,  such  as  are  not  found  in  the  ordinary 
works  on  Navigation;  or,  if  they  do  exist,  are  scattered  through 
80  many  pages,  and  so  smothered  by  their  surroundings,  as  to 
require  too  much  digging  out — ^too  many  shells  to  be  cracked 
before  arriving  at  the  kernel — a  tedious  process,  which  the  practical 
mind  recoils  from:  further,  to  indicate  the  shortest  and  most 
reliable  methods,  as  well  as  the  instruments  and  books  necessary 
to  enable  the  Navigator  (amateur  or  professional)  to  conduct  his 
vessel  safely  and  expeditiously  from  port  to  port 

The  various  nautical  instruments  are  treated  of  separately,  their 
peculiarities  explained,  and  the  errors  to  which  they  are  liable 
pointed  out,  with  the  best  means  of  remedying  them,  or  of 
compensating  their  effecta 

The  volimie  contains  but  little  that  is  claimed  as  strictly 
original:  it  is  based  upon  life-long  observation,  matter  gleaned 
from  the  works  of  men  of  repute,  and  information  derived  from 
intercourse  with  shipmates  and  the  cloth  generally. 

The  mass  of  material  at  one's  disposal  renders  its  clear  present- 
ment within  a  moderate  compass  somewhat  difficult,  but  great 
pains  have  been  taken  to  select  only  the  really  essential  problems, 
and,  in  view  of  those  to  whom  the  work  is  addressed,  to  choose 
the  simplest  possible  language    If  the  style  is  thus  more  familiar 
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than  dignified,  it  is  hoped  tliat  it  may  with  greater  success  attract 
the  ear,  and  rivet  the  understanding  of  the  nautical  reader,  thereby 
awakening  and  sustaining  such  an  interest  in  the  subject  as  will 
be  most  likely  to  create  mental  impressions  of  a  lasting  kind. 
Diagrams  accompany  many  of  the  examples  by  w^ay  of  illustrating 
and  giving  prominence  to  some  of  the  more  "important  sim- 
plicities" of  navigation,  which  arc  unhappily  too  often  disregarded 
by  reason  of  their  true  significance  not  being  understood  and 
appreciated  To  this  end,  also,  a  free  use  has  been  made  of 
capitals,  and  certain  words  and  sentences  are  rendered  conspicuous 
by  a  change  of  type  when  it  appears  advantageous  to  do  sa 

If  occasionally  the  reader  of  quick  apprehension  is  irritated  by 
too  great  minuteness,  he  must  remember  that  as  far  as  possible 
every  imaginable  question  has  to  be  anticipated,  and  that  a  single 
point  left  unexplained  may  render  useless  an  otherwise  carefid 
description. 

Every  sailor  knows  what  is  meant  by  a  **  Wrinkle ";  some 
possess  more  than  others,  and  in  penning  the  following  pages 
the  writer  has  endeavoured  to  display  his  to  the  best  advantage, 
and  place  them  "cut  aii<l  dried"  at  the  disposal  of  such  members 
of  the  profession  as  have  had  a  less  varied  experience  than  him- 
self, and  fewer  facilities  of  accjuiriug  an  intimate  knowledge  of 
this  branch  of  their  businesa 

Metho<ls  have  been  selected  which  offer  peculiar  advantages  in 
the  matter  of  brevity  of  solutiov.  To  seamen  this  is  very  imj)or- 
tant,  as  all  know ;  at  the  same  time  accuracy  of  the  results  has 
been  kept  in  view,  and  care  takon  that  the  latter  quality  is  not 
unduly  sacrificed  to  the  former. 

Rigorous  exactness  of  working — so  necessary  in  the  schoolroom 
— is  but  seUlom  required  on  board  ship ;  it  is,  therefore,  only 
introduced  in  the  process  of  rating  chronomet<?rs,  and  one  or  two 
other  instances,  where,  from  the  nature  of  the  question,  one  is 
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absolutely  forced  to  deal  with  minute  arithmetical  quantitiea 
Very  many  problems  of  interest  to  the  scientific  Navigator,  as 
well  as  the  discussion  of  many  refinements  of  correction  and 
reduction — ^which,  neat  as  they  may  be  in  theory,  are  of  little 
practical  value — ^have  been  purposely  omitted  On  the  other  hand, 
an  endeavour  has  been  made  to  avoid  the  slovenly  "Rule  of 
thumb,"  "  Bough  and  ready  "  principle  which  has  given  rise  to  the 
saying — somewhat  unjust  to  a  good  class  of  seamen — "  it  is  near 
enough  for  a  collier." 

These  and  other  characteristics,  it  is  hoped,  may  conmiend  the 
work  to  the  notice  and  approval  of  the  profession. 

It  must  not  be  imagined  that  this  book  is  written  in  any 
respect  as  a  direct  help  to  the  Local  Marine  Board  Examinations; 
there  are  plenty  of  excellent  ones  published  for  that  express  pur- 
pose. This  has  entirely  to  do,  as  its  name  indicates,  with  every- 
day navigation  on  board  ship  :  the  reader  is  supposed,  indeed,  to 
be  in  proud  possession  of  his  Master's  certificate — ^if  with  blue 
seal  so  much  the  better;  to  have  overcome  the  moonshine  terrors 
of  Decimal  Arithmetic,  and  to  have  some  slight  knowledge  of 
Plane  Trigonometry.  If,  however,  these  pages  should  be  read 
by  one  who  has  yet  to  undergo  the  ordeal  of  examination,  the 
writer  trusts  that  the  introduction  behind  the  scenes,  and  the 
knowledge  of  first  principles  thereby  acquired,  will  teach  him  to 
think  for  himself  and  be  of  service  generally  in  enabling  him  to 
gain  the  coveted  parchment 

To' the  daring  yachtsman,  ambitious  of  personally  undertaking 
the  conduct  of  his  white-winged  craft  to  distant  parts  of  the 
world,  and  who  has  already  acquired  a  certain  groundwork  of 
navigation,  it  is  hoped  that  this  Manual  will  present  not  a  few 
advantages :  it  will  be  a  sort  of  nautical  finger-post  at  the  junc- 
tion of  many  devious  paths,  which  will  point  out  to  him  the 
safest  way  to  his  destination;  and,  whilst  providing  him  with 
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■oucd  aJvice  on  most  of  the  necessary  points,  will  not  distract 
his  attention  and  waste  his  time  on  what,  even  to  the  professional, 
may  be  regarded  as  superfluous,  or  of  questionable  importance; 

Under  this  lost  heading  comes  Marine  Surveying — which  ia, 
consequently,  excluded  in  toto  as  constituting  a  distinct  study, 
and  one  which,  in  these  exact  days,  can  scarcely  be  soid  to  come 
within  the  province  of  merchant  seamen,  whatever  it  may  havo 
done  in  times  gone  by.  If,  however,  Marine  Surveying  should  bo 
taken  up  by  anyone  who  has  a  natural  taste  for  that  sort  of  thing, 
with  leisure  and  opportunity  for  indulging  it,  he  should  study 
such  books  OS  are  devoted  exclusively  to  it,  unce  it  is  a  subject 
more  difficult  than  many  at  first  would  suppose.  • 

In  one  matter,  more  especially,  the  Author  would  crave  the 
gracious  forbearance  of  the  Critic.  He  wishes  it  thoroughly 
understood  that  not  in  the  least  degree  docs  he  claim  for  his 
present  venture  what  is  knowTi  as  "  literary  merit."  A  lad  who, 
at  twelve  or  thirteen,  adopts  the  rough  career  of  a  sailor,  when 
more  fortunate  ones  of  the  same  ago  arc  only  just  commencing 
their  education,  cannot  reasonably  bo  expectol  in  after  life  to 
shine  as  a  brilliant  star  in  the  literary  firmament     It  is  scurntly 

I  eonsistent  with  the  "eternal  fitness  of  things"  that  he  should. 
•  Gallic  neiglilyiurs  have  a  proverb  which  ia  in  every  way 

'  applicable — "Chacun  son  metier,  et  les  vachcs  sont  bion  gard^;" 
which,  when  freely  translattid  Into  the  nautical  language  of 
Britain,  reads  thus — "  The  Ounner  to  his  linstock,  the  Steersman 
to  the  wheel,  and  the  Cook  to  the  foreisheeL" 

The  book,  therefore,  is  merely  a  friendly  offer  of  help  from  one 
sailor  to  another — nothing  morft.  Some  readers,  no  doubt,  will 
make  it  their  proud  boast  that  they  "  clambered  in  through  the 
haws^pipea,"  whilst  others  will  have  "  entered  by  the  cabin  win- 
dows." To  both  the  Author  ia  not  without  hope  his  "  Wrinkln*  " 
may  prove  acceptable,  and  that,  like  a  "  Handy-Billy  "  clapped 
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on  to  the  fall  of  a  "  Luff-tackle  Purchase,"  the  present  book  may 
assist  the  more  powerful  ones  in  pulling  the  Shipmaster  through 
many  of  the  navigational  troubles  by  which  he  is  often  beset. 

In  conclusion,  should  Experts  complain  that  they  do  not  find 
anything  novel  in  this  volume,  the  writer  would  merely  remind 
them  that  it  was  not  his  intention  that  they  should.  The  book 
has  been  prepared  for  cpmparatively  young  members  of  the  pro- 
fession ;  and  one  of  the  leading  objects  has  been  to  elucidate  in 
plain  English  some  of  those  important  elementary  principles 
which  the  Savants  have  enveloped  in  such  a  haze  of  mystery  as 
to  render  pursuit  hopeless  to  any  but  a  skilled  mathematician. 

Comparatively  few  sailors  are  good  mathematicians,  and,  in  the 
writer's  opinion,  it  is  fortunate  that  such  is  the  case ;  for  Nature 
rarely  combines  the  mathematical  talent  of  a  Cambridge  wrangler 
with  that  practical  tact,  observation  of  outward  things,  and  readi- 
ness on  an  emergency,  so  essential  to  a  successful  sea  Captain, 
who,  curiously  enough,  is  always  expected  to  be  as  many-sided  as 
the  "Admirable  Crichton" — at  once  Sailor,  Navigator,  Parson, 
Lawyer,  Doctor,  and  a  host  of  things  besides. 

The  Author  has  only  to  add  that  he  has  done  his  best  to  secure 
accuracy  in  the  printing  of  the  book,  and  trusts  that  few  errors 
of  moment  will  be  found  to  have  crept  in.  He  will  at  all  times 
be  thankful  to  receive  corrections  and  suggestions  for  the  improve- 
ment of  future  editiona 

Squire  Thornton  Stratford  Leckt. 


LiviRPOOL,  yopemUr  188L 


PREFACE  TO  THE  SECOND  EDITION. 


Since  launching  "Wrinkles"  with  fear  and  trembling  on  the 
uncertain  sea  of  pu\>lic  criticism,  there  has  been  quite  a  tropical 
deluge  of  approving  letters,  which  could  not  but  reassure  even 
the  most  timid. 

Coming  as  they  have  done  from  brother  "  Shells,"  both  of  the 
Navy  and  Merchant  Service,  and  from  eminent  scientific  men  in 
both  hemispheres,  these  tokens  of  appreciation  carried  with  them 
the  convincing  assurance  that  in  this,  my  first  serious  effort  at 
authorship,  the  right  nail  had  been  successfully  struck  on  the 
head.  Nor  has  the  Press,  both  at  home  and  abroad,  been  back- 
ward in  saying  kindly  things,  so  that  in  nearly  every  quarter  I 
have  reason  to  be  grateful  for  the  friendly  reception  accorded  to 
my  "  first-born." 

It  is  not  to  be  wondered  at,  therefore,  if  I  have  felt  impelled 
to  put  be.st  foot  foremost,  and  try  if  the  work  could  not  be 
brought  still  nearer  the  mark. 

Wading  laboriously  through  an  unwiehly  manuscript,  and 
reading  it  afterwanls  in  print,  are  two  widely  different  things, 
and  1  must  admit  that  an  inspection  of  "Wrinkles"  in  its  finished 
form  did  not  bring  with  it  the  amount  of  sati.sfaction  I  had  been 
looking  forward  to.     It  was  impossible  to  ignore  the  fact  that  in 
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not  a  few  instances  the  cart  had  been  placed  before  the  horse, 
and  what  with  this  and  other  little  shortcomings  I  was  conscious 
of  a  somewhat  lubberly  "Lash-up."  (This,  dear  reader,  is  in 
confidence). 

Thus  it  comes  about  that  although  the  critics — by  way  of 
encouragement,  I  suppose — have  good-naturedly  shut  their  eyes 
to  the  indiflFerent  cooking  of  my  literary  "  Sea  pie,"  I  personally 
felt  dissatisfied,  and,  with  a  determination  to  reprint  the  book 
from  start  to  finish,  made  a  clean  sweep  by  throwing  the 
stereotype  plates — not  overboard  exactly — but  into  the  melting 
pot,  which  nearly  amounts  to  the  same  thing. 

This  wholesale  and  very  costly  "clearing  of  the  decks  "  enabled 
me — whilst  leaving  the  plan  of  the  work  unchanged  in  its  main 
features — to  effect  many  desirable  minor  alterations,  and  to 
introduce  nearly  100  pages  of  new  matter.  The  regenerating 
process  admitted  also  of  the  various  subjects  being  brought  up 
to  date  in  accordance  with  our  present  knowledge;  and  the 
Nautical  Almanac  elements,  necessary  to  work  out  the  examples, 
have  been  added  in  the  appendix. 

The  list  of  Time-signals  for  rating  chronometers  has  been  con- 
siderably enlarged,  so  as  to  embrace  all  those  now  in  operation. 
The  longitudes  upon  which  the  Signals  depend  are  from  the  very 
latest  determinations — principally  telegraphic. 

These  improvements  explain  the  bulkier  appearance  of 
"Wrinkles,"  and  it  is  hoped  will  win  for  the  book  increased 
popularity  and  so  recompense  me  for  much  "  midnight  oil." 

The  fortunate  individuals  who  have  not  tried  their  hands  at 
book-making  can  have  but  a  faint  idea  of  what  such  an  under- 
taking involves,  to  say  nothing  of  the  pecuniary  risk  which 
attaches  to  it.  For  myself,  I  do  not  mind  confessing  that  if  I 
could  have  foreseen  that  "  Wrinkles  "  would  have  cost  even  one 
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tiihe  of  the  labour  expended  upon  it,  I  never  would  have  been  so 
bold  as  to  attempt  its  production;  but  in  a  weak  moment  the 
promise  was  made,  and  once  fairly  committed  to  the  task  there 
was  nothing  for  it  but  to  "  wire  in." 

Encouraged  by  the  support  given  to  its  predecessor,  Eklition 
No.  2  now  goes  forth  asking  well-wishers  to  "pass  the  word 
along,"  and  so  help  to  swell  the  lists  of  "  The  Faithful" 


S.T.  S.L. 


NXTLAITD  HonSB, 

New  Milpobd, 

January,  I884, 
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CHAPTER  L 

NAUTICAL  UBRART,  AND  INSTRUMENTS  OP  NAVIGATION. 

There  are  so  many  works  on  Navigation  that  any  one  so  disposed 
might  easily  convert  his  cabin  into  a  book  closet,  leaving  no 
room  to  stow  away  himself  and  wardrobe.  As  such  a  wholesale 
procedure  would  be  neither  convenient  nor  profitable,  one  is 
constrained  to  make  a  selection.  The  following  list  is  confidently 
recommended  as  embracing  all  that  are  necessary ;  and  the  pur- 
chaser should  make  sure  that  he  gets  the  latest  editions.  They 
can  be  readily  procured  from  or  through  any  publisher  of  nautical 
works : — 

1.  The  Epitome  the  reader  is  most  accustomed  to  use — generally  Norie's  Heoesnry 

or  Bergenia  booki. 

S.  Raper's  Practice  of  Navigation. 
a  Towaon'g  Ex-meridian  Tablea 

*A.  Merrifield's  Magnetism  and  Deviation  of  the  Oompasa 
*&  Towaon's  Deviation  of  the  Compass,  for  Masters  and  Mates. 
*&  Evan's  Elementary  Manual  for  Deviations  of  the  Oompasa 
7.  Burdwood's  Aamuth  Tables,    from  60"  to  30*  of  latitude  in  both 

Hemispheres  (^Red  Book'^. 
&  Davis's  Azimuth  Tables,  from  30*  of  latitude  to  the  Equator  in  both 

Hemispheres  ("Red  Book"). 
a  Johnson  on  Finding  the  Latitude  and  Longitude  in  Cloudy  Weather. 
la  Galbraith  and  Haughton's  Manual  of  the  Tidea 
11.  Weather  Warnings  for  Watchers,  by  the  "Clerk"  himself. 
la.  Aids  to  the  Study   and    Forecast   of  Weather.      By  W.  Clement 

Ley,  M.A. 
la  Admiralty  Tide  Tables  for  current  year. 
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14.  Imrays  Lights  and  Tides  of  the  World,  or  Findla/s  LighthonBCS 

and  Fog  Signals. 

15.  Gray's  Rule  of  the  Road. 

1&  Nautical  Almanac  for  current  and  following  year. 

The  Wind  and  Current  Charts  emanating  from  the  Meteorological 
Office,  and  Sailing  Directories  for  the  parts  intended  to  be 
navigated.  Among  these  may  be  mentioned  as  worthy  of  special 
commendation : — 

Findlay*8  North  and  South  Atlantic 
„  „       Pacific. 

Indian  Ocean. 
Imray*s  North  Pacific 
Indian  Ocean. 


>» 
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The  above  list  only  comprises  books  which  may  be  considered 
absolutely  essential  to  safe  navigation  in  the  present  day,  when 
the  question  of  speed  enters  so  largely  into  the  calculation.  Their 
Cost  of  books.  ^^^^^  would  amount  to  about  £10 — no  very  great  expenditure 
when  considered  in  connection  with  a  shipmaster's  responsi- 
bilities ;  indeed,  the  addition  of  a  few  other  interesting  volumes 
may  suggest  itself  to  some,  who  should  then  procure— 
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1.  The  Admiralty  Manual  of  Scientific  Enquiry. 

2.  Buchan's  Introductory  Text  Book  of  Meteorology, 

3.  Bedford's  Sailor's  Pocket  Book. 

4.  Ansted's  Physical  Geography. 

5.  Astronomy,  by  Sir  John  HerscheL 

6.  The  10  volumes  of  Chambers'  Encyclopedia 

7.  The  Geography  of  the  Oceans.    By.  J.  F.  Williama 

8.  Tinmouth  on  Points  of  Seamanship. 

To  complete  his  stock-in-trade,  every  navigator  should  take  the 
monthly  numbers  of  the  Nautical  Magazine,  Not  only  do  they 
afford  light  and  agreeable  reading  for  leisure  moments,  but  they 
contain  important  notices  relating  to  alterations  and  additions  in 
buoyage  and  lights,  discovery  of  new  dangers,  fresh  laws  affecting 
shipping,  alterations  in  those  now  existing,  publication  of  latest 
Admiralty  Charts,  and  other  items  interesting  to  the  intelligent 
aeaman. 
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NAUnCAI.     INSTBIJMENT& 


To  the  master  of  any  vessel,  other  than  a  mere  coaster,  tho 
following  nautical  instruments  are  indispensable: — Compasses, 
chronometers,  sextant,  artificial  horizon,  night  glasses,  telescope, 
common  or  patent  log,  hand  and  deep-sea  leads,  parallel  rulers, 
dividers  and  charts,  pelorus,   barometer  or  aneroid — the  latter 
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for  preference.    In  addition  to  these,  there  is  one  valuable  instru- 
ment called  a  Station  Pointer,  which  is  seldom  or  never  met  gutioii 
with  on  board  a  merchant  ship,  and  is  particularly  useful  in  vessels  po*'^**'^' 
frequenting  narrow  waters  and  intricate  channels.      Steamers 
trading  to  the  Baltic,  Black  Sea»  East  Indies  and  China,  should 
certainly  be  furnished  with  it. 

It  is  proposed  to  treat  of  the  above  instruments  -separately, 
devoting  a  chapter  to  eacL 


CHAPTER    U 


Curiously  enough,  until  quite  recently  ship-builders  and  o 
did  uot  bestow  on  the  compass  the  amount  of  consideration  whil 
it  undoubtedly  merits.  It  is  pre-eminently  the  instmni 
upon  which  the  safety  of  the  vessel  depends,  and  it  justly  r 
first  in  importance  It  would  be  easier  to  dispense  with  i 
Chronometer,  or  oven  the  Sextant,  than  with  this  iuvalua] 
guide.  With  a  faulty  compass  a  straight  course  cannot  be  c 
Formerly,  when  time  was  less  an  object  than  it  is  now,  a  1 
landfall,  or  distance  lost  on  the  voyage  through  zigzag^ng  < 
the  ocean,  was  of  no  particuUr  moment ;  but  in  these  days  1 
keen  competition,  when  the  public  look  for  the  arrival  of  Tr«| 
Atlantic  and  otiier  mail  steamers  almost  to  the  very  hour,  i 
the  rival  companies  wage  paper  wars  over  the  splitting  j 
mtuuttis  in  the  passages  of  their  respective  vessels,  it  is  nee 
that  good  navigating  appliances  sliould  back  up  good  ghipa. 

Compasses  for  use  on  hoard  ship  are  of  two  classes — the  SU 
Hard  and  the  Steering  Compass.  Taking  them  in  this  order,  i 
Standard  first  claims  the  reader's  attention. 

To  begin  then,  it  is  of  the  greatest  imporitince  that  a  ( 
should  be  selected  for  the  Standard  compass  where  it  would  o 
be  acted  upon  by  the  general  magnetic  character  of  the  i' 
and  »u)(  by  parlicvJar  maeaes  of  iron  in  iU  immediate  iricia 
To  this  some  builders  pay  considerable  attention,  whilst  otlu 
unfortunately,  seem  unawnre  of  tlie  necessity  for  such  a  precau- 
tion, taking  it  for  grant«<l  that  tho  compass  adjuster  can  effect 
his  object,  i]uit«  irrespective  of  how  the  compass  may  be  fenoed 
in  with  iron. 

The  Standard  may  not  inaptly  be  termed  the  "Navigating 
eompas*."     By  it  the  coarse  should  bo  set,  and  all  bearing  taken 
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nfot  ascertaJniDg  the  ship's  position.  To  this  en-l,  it  must  ba 
[  pliiced  where  on  all-rouiuJ  view  of  the  horizon  can  be  hail, 
•  exceptiog,  of  course,  when  the  masts  or  funnel  intervene.  In 
some  few  vessels  of  the  larger  class  a  special  platform  is  erected, 
and  in  such  cases  tlie  haudmils  and  supports  are  of  wood  or 
brass.  Unless,  however,  the  wiiole  structure  is  firmly  aud  securely 
bolted  down  to  the  hull  of  the  ship,  it  will  be  certain  to  vibrate 
in  strong  winds,  or  with  much  motion,  and  so  destroy  the  steadi- 
ness of  the  card,  rendering  almost  useless  what  may  otherwise 
^be  a  good  compass. 
The  biiimu:le  should  be  large  enough  and  of  such  a  shape  bi 
■8  would  permit  of  the  adjusting  magnets  being  placed  inside 
it,  instead  of  on  the  deck.  This  is  a  neat  and  compact  arrange- 
ment, and  access  to  the  interior  can  bo  had  through  a  small 
door  provided  with  a  good  patent  Ujck  and  key.     To  prevent  ' 

tampering  with  the  magnets,  or  the  inside  being  made  use  of 
by  quarter-masters  as  a  handy  s  ow-hole  for  odds  and  ends,  this 
door  should  be  religiously  kept  locked,  aud  the  key  in  the 
possession  of  the  capUiin. 

Sir  W.  Thomson's  Binnacle  is  bo  arranged,  and  one  of  the  great  sir  w.  Thorn- 
advantages  of  his  plan  is  that  when  it  becomes  necessary  to  nmoie. 
remove  the  binnacle  for  any  purpose — such  as  calking  decks,  &c., 
there  is  no  occasion  to  disturb  the  magnets ;  whereas  when  they 
are  ntuled  to  the  deck  round  about  the  binnacle,  it  will  sometimes 
happen  that  they  are  taken  up  by  odkers  ignorant  of  the 
mischief  they  are  doing ;  and  when  replaced— -as  likely  as  not 
the  magnets  are  shifted  end  for  end.  and  put  down  at  a  greater 
(Mr  less  distance  from  the  compass  than  they  occupied  previously. 

When  the  Standard  compass  is  improperly  situated — as,  f or  pronmitr  ot 
example,  on  a  narrow  bndge,  hemmed  in  by  iron  hand-raila,  ^ 
flanked  by  boats'  davits,  awning  stanchions,  ridge  chains,  stoke- 
hole ventilators  of  large  size  with  vioveahU  cirwia,  and  probably 
not  two  feet  from  the  iron  stand  of  the  engine-room  telegraph, 
or  twice  that  distance  from  the  donkey  boiler, — it  is  rather  too 
mach  to  expect  that  its  behaviour  will  be  salbfactory.  No 
adjuster  in  the  world  could  even  pretend  to  compensate  the 
errors  of  such  a  compass.  He  might  certainly  manage,  by  a 
Uberal  use  of  magnets,  to  lick  it  into  something  like  shape  for 
Uia  time  being ;  but  such  an  adjustment  could  not  be  depended 
upon  for  twelve  hours  ufcer  it  was  effected,  aud  on  a  voyage  to 
the  southward  the  deviations  would  soon  become  so  lar^e  as  to 
_  be  unmsnageabla 
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Compasses  ore  not  uiifrequeiitly  so  badly  placed  that  < 
adjuster  Jias  to  compeusalo  errors  amounting  to  eleven  or  tw«J 
jioints. 

'I'lie  reader  may  imagine  that  tlio  foregoing  is  an  orerdra 
picture,  but  if  lie  will  take  tlie  trouble  to  look  around,  he  will  M 
bo  long  in  finding  how  true  its  description  ia  Sometimes,  t 
occurs  in  steamers  that  the  end  of  a  trysail-boom,  when  gujj 
amidahips,  comes  within  18  inches  or  lesa  of  the  com{>ass.  In  ti 
case,  if  the  foot  of  the  sail  should  be  made  to  haul  out  witfai^ 
traveller,  on  a  massive  iron  jackstay — a  very  common  mode  of 
fitting  now-a-daya — it  is  clear  the  effect  on  the  needle  will 
entirely  depend  on  the  position  of  the  boom,  whether  eased  off 
to  port  or  starboard,  topped-up,  or  in  the  crutch. 

The  writer  was  in  one  vessel  where  the  w'lrR  toppirglifts  of 
the  main-boom  came  down  within  six  feet  or  so  of  the  standard 
compass,  and  were  proved  to  produce  an  effect  of  6'  when  tin 
boom  was  guyed  over  from  one  side  to  the  other.  Precaution 
then,  should  be  taken,  that  no  iron  subject  to  temporary  reun/tvj ', 
be  within  ten  or  twelve  feet  of  the  compass ;  and  the  latter 
should  stand  at  least  4  feet  6  inches  above  the  <ieclc,  not  only  on 
account  of  the  beams,  but  to  avoid  the  |Kissibility  of  beini; 
inBueuced  by  any  moveable  article  of  iron  on  tlie  dtck  ii«ff 
below  it 

It  is  common  enough,  where  the  vessel  is  steered  forward,  to 
Bnd  a  compass  placed  on  the  bridge  just  above  the  one  in  the 
wheelhouse.*  In  such  coses  it  is  imperative  that  the  upper  or 
bridge  binnacle  should  be  raised  above  the  deck  as  much  ns 
possible,  or  the  compensating  magnets  contauied  within  it  will 
affect  the  other  compass  in  the  wheelhoiise,  and  vice  iferad.  If 
lusing  the  binnacle  on  a  wooden  stool  or  solid  block  should 
render  it  inconveniently  high,  it  is  not  a  killing  mattor  to  build 
a  suitable  step — or  even  a  couple  of  them — round  al>out  ita  base. 
The  reciprocal  action  of  one  compass  and  its  magnets  upon 
another — more  particularly  in  the  position  here  referred  to— 
in  a  thing  very  likely  to  be  overlooked  from  the  mere  fact  of  tlie 
cumpassoa  not  both  being  seen  at  one  and  the  same  tima 

When  fitting  out  a  new  ship,  it  is  not  uncommon  for  the 
builder  to  consult  the  wishes  of  the  fnture  captain  in  the  tnattcr 
of  compaasea,  Uc ;  if,  however,  the  latter  does  not  join  the  veAscl 
till  she  is  nearly  tinishc  1  and  reaily  fur  delivery,  it  will  be  too  late 
to  expect  much  in  the  way  of  alteration,  as  buildi-ra,  at  all  times 
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averse  to  it,  are  pBrtieuIarly  so  when  they  are  just  about  to  make  1 
the  vessel  over  to  her  owners.     But  there  is  no  reason  why  the  Aiter&Uou  M 

captain,  i£  dissatisfied  with  tlie  existing  arrangements,  should  I 

not  himaelf  endeavour  to  remedy  them  in  the  course  of  some  J 

subsequent  voyage.     It  is  an  easy  matter  with  a  spare  compaas  ■ 

to  make  trial  of  various  places  about  the  decks,  until  one  is  hit  H 

upon  comparatively  free  from  the   influence  of  the  ship's  iron,  1 

and  (Acre  the  standard  should  be  rigged  up,  even  if  other  less  1 

important  matters  have  to  give  way  for  it  I 

It  is  well  to  know  also  that  in  every  vessel  there  is  a  "neutral  uentr,inw|'S 
spot"  where  a  compass  would  have  little  or  no  deviation;  but, oi^mp.         | 

unfortunately,   it  may  be   found   to  exist  in  an  impracticable  J 

position.     Nevertheless  it  is  worth  looking  for.     There  is  only  J 

one  caution  necessary — before  finally  screwing  down  the  binnacle  H 

in  the  newly  found  neutral  s]wt,  be  sure   that  it  is  really  so  H 

by  testing  the  deviation  on  two  adjacent  cardinal  points,  such  H 

as  north  and   east,  as  it  may   happen   that  a  place   has   been  I 

hit  upon  where  the  compass  will  be  tolerably  correct  on  one  ■ 

point  and  very  much  out  on  another.      It  is  questionable,  how-  I 

ever,  whether  this  neutral  spot  would  deserve  the  name  in  hU  I 

latitudes.  m 

The  writer  is  led  to  the  above  remarks  by  having  noticed  that  I 

the  Standard  compass  of  ships  several  years  old  had  been  allowed  H 

to  remain  from  the  commencement  in  most  unsuitable  positions,  I 

as  if  their   captains   considered,  that   once   placed,   there   they  I 

should  for  ever  rem^n.  H 

The  following  is  a  description  of  a  Standard  or  Navigating  I 

compass — honest  and  simple — which  has  stood  the  test  of  several  I 

years'  trial,  and  been  found  to  fulfil  all  the  desirable  conditions  I 

in  a  fwr  degree ; —  \ 

In  point  of  size  it  is  a  compromise  between  the  justly  lauded  lmkt'* 
Admiralty  Standard  compa.ss  and  the  gigantic  ones  which,  until  ^^*"^'''** 
recently,  were  in  use  on  board  of  some  of  the  Atlantic  Mail 
Steamers  In  the  attempt  to  gain  steadiness,  and  secure  large 
marginal  divisions  to  steer  by.  the  cards  of  these  last- mentioned 
compasses  sometimes  attained  the  amazing  diameter  of  18  in.  and 
20  in.  The  card  about  to  be  described  has  a  diameter  of  11  in., 
and  is  mounted  similarly  to  the  Admiralty  one,  on  two  pairs  of 
needles,  respectively  8i  and  6  inches  in  length,  by  half  an  inch 
II  depth,  and  ^'^  of  an  inch  in  thickness.  The  longer  pair  occupy 
the  central  position,  the  ends  of  each  being  15'  from  the  north 
and  ttonth  line,  whilst  the  outer,  or  short  needles,  are  each  45* 
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from  the  a&mn  point,  after  the  tuauiiur  represented  iu  Di 

Na  1.     The  needles,  as  will  be  seen,  are  secured  to  the  card  on 


their  odgcs  in  the  uauol  way,  are  parallel  to  each  other,  and  equi- 
distant By  this  arrangenteat  th«  advantages  of  a  largt  can 
are  secured  without  the  drawback  of  long  needled,  which  a 
objectionable  for  many  re&wns :  the  principal  being  thut  they  a 
opposed  to  a  perfect  compensation  of  the  compass  by  magnet^ 
and  that  there  is  no  practical  gnia  of  directive  power,  the  latter 
being  more  than  counterbalanced  by  the  friction  on  the  point  at' 
support,  resulting  from  the  increased  weight.  It  follows  £roa 
this  last,  that  in  all  com[)asses  the  needles  should  be  very  ihia^ 
■  and  the  brass  or  aluminium  corriera  as  light  as  possible. 

It  may  be  laid  down  as  a  fundamental  principle  that  the  tvudltt 
the  needlen.  tJte  viore  correctly  tJiey  point;  aTid  the  larger  a  card 
the  more  accurately  U  ie  reail  Whun  very  large  needles  ai* 
used,  itluggishneaa  results,  which  the  unwary  navigator  is  too  a 
to  mistake  for  wteadineta. 

Who  has  not  seen  a  piece  of  marline  or  spun-yam  made  f 
U)  tike  compus  bowl,  and  occasionally  twitched  by  the  man  at  t 
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wheel  to  "  keep  the  card  alive,"  or,  as  it  is  sometimes  termed  in 
Jack'a  phraseolc^y,  "to  keep  the  compass  afloat"  Independent 
of  long  needles  tiiere  are  many  causes  to  which  this  state  of 
affairs  can  be  traced  and  thiy  will  be  referred  to  further  on. 


I 


\ 


f)  vjmm  i 

It  will  be  notice  1  by  reference  to  abo^e  diagram  that  the 
upper  surface  of  the  card  is  of  novel  pattern  The  outer  rim  is 
divided  by  radial  hues  into  smgle  degrees,  every  fifth  and  tenth 
being,  for  sake  of  clearness,  marked  stronger  than  the  othera 
How  that  the  course — on  board  steamships  at  least — is  very  ci 
.  monly  set  in  degrees,  this,  which  might  otherwise  be  considered  » 
an  objection,  is  no  longer  one.  Each  quadrant  is  numbered  by 
teas,  from  zero  at  north  and  south,  ap  to  90°  at  east  and  west. 
The  diameter  of  the  central  space,  representing  the  usual  points 
and  half  points,  is  635  inches,  and  the  length  of  the  Stile  or 
Shadow-pin  mounted  on  the  centre  of  the  card  is  so  proportioned 
(S'Ta  inches),  that  when  the  sun  attains  a  greater  elevation  than  w 
50',  its  shadow  will  fall  within  the  be  fore- mentioned  radial  lines 
— showing  at  once,  without  reference  to  anything  else,  that  the 
kltitude  is  no  longer  favourable  for  observing  azimuths.  In  this 
respect  the  compass  is  self-indicating. 


lo  THE  STANDARD   COMPASS. 

It  ia  true  that  bearmga  of  the  heaveuly  Ixxlias  may  Le  takea 
with  other  iDstrumenbs  up  to  altitudes  of  even  60°  or  upwards; 
but  to  get  a  correct  azimuth,  when  the  body  observed  ia  so  near 
the  zeuith,  DecesaitateB  a  much  more  refined  iastrument  than  tha 
ordinary  ship's  coinpasa 

As  a.  rule,  except  under  great  pressure,  azimuths  should  not  be 
taken  at  a  higher  altitude  than  30°;  iu  fact,  the  nearer  to  the 
horizon  the  belter. 

To  continue  the  description  of  this  form  of  Standard  compass,— 
the  gloss  cover  of  the  bowl  ia  of  a  curved  form,  struck  with  a 
radius  of  65  inches,  to  allow  room  underneath  for  the  play  of  the 
Shadow-pin  ;  and  the  bowl,  of  stout  copper,  ia  suspended  by  six 
strong  india  rubber  supporters  to  an  additional  or  inner  brass 
ring.  This  lost  arrangement,  now  in  tolerably  common  use, 
diminishes  the  shocks  which  would  otherwise  be  commuriicated 
to  the  card  by  the  jar  of  the  engines  and  propeller,  and  by  the 
pitching  of  the  vessel  in  a  heavy  head-sea.  These  may  be 
lessened  still  further  by  tha  introduction  of  a  small  spiral  spring 
into  the  socket  for  the  pivot  which  sustjiins  the  ciird. 
■nttkiioiA  In  a  ivell  vuule  euuipas-t,  let  the  particular  form  be  what  it  may, 
"  the  essentiaU  are — that  the  pivot  should  be  accurately  centred  ia 
the  bowl ;  that  is  to  say,  that  its  point  should  be  exactly  in  the 
intersection  of  the  two  diameters,  passing  through  the  centres  of 
the  gimlfals,  and  in  the  same  horizontal  plane ;  the  upjier  ed^ea 
of  the  needles  should  also  lie  in  the  same  horizontal  plane,  or,  if 
anytJiing,  an  eighth  of  an  inch  lower.  To  avoid  distortion  from 
ahrinking,  the  card  should  be  mounted  on  its  mica  base  befvr« 
printinff,  othorwiso  the  graduation  of  the  marginid  divLsiona  is 
likely  to  he  in  error.  The  shadow-piii  should  not  only  lie  straight^ 
but  accurately  c<.-iitred  on  the  card,  and  the  general  balance  oC 
the  instrument  so  well  preserved  that  the  shadow-piu  will  stand 
truly  vortical  under  all  circumstances. 

The  comjuLss  should  be  8e-n»itive  in  amooth,  and  steady  in 
rough  water. 

The  bowl,  if  inclined  to  list  one  way  or  the  other,  can  be  mads 
to  hang  horizontally  by  neatly  serving  the  gimbal-ring  with  lead 
wire ;  and  in  cose  the  card  itself  should  be  a  little  out,  soma 
nii-lt4,il  scaling  wax  sparingly  droppo«.l  on  the  under  side  will 
S|)c«ilily  restore  its  Itahuice.  Tho  card,  when  poised  on  its  support, 
should  not  be  more  than  ]  of  an  inch  below  the  upper  edge  of 
the  l>owl  where  the  hitler  iiieets  the  glass  cover,  otherwise  the 
sun    would    ret jU ire    tn    have    cousiilurable    t-levation    before    ita 
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sliadow  could  strike  down  on  it.  Moreover,  the  higher  the  level 
of  the  card,  the  easier  it  is  to  take  bearings  directly  by  the  eya 
The  pivot  should  have  a  fine  point  of  hard  steel  or  iridium, 
ground  to  fit  the  sapphire  cap,  and  the  magnetic  axes  of  the 
needles  must  be  strictly  parallel  to  the  north  and  south  points 
of  the  card. 

Before  going  further,  it  may  be  as  well  briefly  to  explain  one  Reaioni  fto 
of  the  reasons  why  in  modem  compasses  the  needles  are  secured  ^I^SiMra 
to  the  card  on  their  edges,  instead  of  on  their  flats,  as  formerly.  •^**** 
As  just  stated,   it  is  necessary,   for  obvious  reasons,  that  the 
7¥uignetic  axes  of  the  needles  should  be  parallel  to  the  meridian 
line  of  the  cai'd:     Now,  when  needles  or  steel  bars  are  magnetized, 
it  sometimes  happens  that  the  poles  do  not  lie  exactly  in  the 
axis  of  the  figure,  but  obliquely  to  it,  vide  diagram ;  in  which 
case,  if  mounted  on  their  flats,  the  above  condition  could  not  be 

NORTH   AND  SOUTH    LINE   OF  COMPASS  CARD. 
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conveniently  fulfilled,    but  by  mounting   the  needles  on  their 
edges  it  can. 

K  the  foregoing  points  are  conscientiously  attended  to  in  the 
manufacture  of  the  instrument,  it  will  be  found  to  give  good 
results,  and  prove  itself  steady  in  a  seaway.  This  latter  quality 
may  be  still  further  ensured  by  attaching  a  flat  circular  band 
of  brass  to  the  margin  of  the  card,  on  its  under  side,  something 
after  the  fashion  of  the  fly-wheel ;  its  eflect  is  to  reduce  the 
vibrational  period  of  the  needles  by  throwing  the  weight  to  the 
outer  edge,  and  in  this  manner  it  is  a  most  valuable  auxiliary  in 
conferring  steadiness  on  the  card.  The  dimensions  of  the  brass  Um  of  teats 
ring  are,  -^  of  an  inch  in  width  on  the  flat,  and  ^  of  an  inch  in  '*"*^^*^ 
thickness.  Sir  William  Thomson  has  ingeniously  availed  himself 
of  this  principle  in  his  patent  Standard  compass,  which  has  proved 
such  a  wonderful  success. 

With  the  compass  described  above,  azimuths  of  the  sun  or 
moon  can  readily  be  taken  by  simply  watching  where  the  shadow 
falls  on  the  radial  lines  of  the  card.  If  partially  veiled  by 
clouds,  so  as  to  cast  no  shadow,  a  little  practice  will  enable 
anyone  to  take  a  direct  eye-bearing  of  the  sun  (if  not  too  high) 
with  a  probable  error  of  less  than  a  degree.     Bearings  of  objects 
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on  the  horizon,  such  aa  ships,  land,  or  lights,  can  be  obtained 
with  the  utmost  accuracy,  by  getting  the  Shadow-pin,  margin  c 
the  card,  and  object  in  the  same  straight  line.  The  writer  andi 
his  officers  have  over  and  over  again  observed  azimuths  of  a 
— taking  3  or  4  on  widely  different  bearings  as  a  check.  Wheui 
worked  out,  the  results  genertJIy  corresponded  within  a  degree^ 
and  never  exceeded  two  degrees,  even  when  the  vessel  had  coo- 
aid  erable  motion. 

See  that  the  compass  has  not  lateral  end-play  in  the  gimbal^ 
which  would  jar  the  card,  and  cause  it  to  oscillate  every  time  t' 
ship  rolled.      If    the  gimbals  do  not  fit  close  up  to  the  sidei 
insert  a  smali  piece  of  soft  wood,  but  do  not  jam  them  or  impedv 
their  action. 

See  also  that  the  freedom  of  the  card  is  not  interfered  with  by 
ita  edges  touching  the  bowl ;  this  sometimes  happens  with  a  t 
neat-fitting  card  when  expanded  by  damp.  Test  it  by  spinning 
the  card  on  its  supporting  pivot. 

In  taking  azimuths  by  the  shadow  of  the  snn  or  moon,  tbv 
extreme  convenience  of  the  Stile  is  at  once  demonstrated.  Tb» 
reading  on  the  card  can  eiuiily  be  inaile  to  half  a  degree,  eren 
less.  There  is  no  stooping  or  manipulating  of  a  refractory 
azimuth-ring  and  speculum,  the  use  of  which,  when  the  bearing, 
happens  to  be  on  the  beam,  is  rendered  additionally  awkward  ia' 
compasse.9  fitt«d  with  chain  boxes ;  nor  does  one's  nose  get 
smeared  with  any  oil  and  brickdust  that  may  be  left  on  tbft- 
brasswork  by  a  careless  quartermaster  or  lamp-trimmer. 

In  swinging  ship  for  a  deviation  table,  thyre  is  nothing  to  do 
but  stand  still,  with  book  aod  pencil  in  hand,  and,  as  the  ship  is 
steadied  on  the  required  point,  note  the  reailing  of  the  shadow 
simultaneously  with  the  hour  and  minute  by  watch,  previously 
set  to  Apparent  Time  ut  Ship  In  fact  the  observer  is  master  of 
the  situation  without  an  fflbrt  With  this  compHsa,  swinging 
the  ship  completely  round,  atewlying  her  on  every  other  poioti 
should  not  occupy  more  than  20  or  23  minutes. 

Many  compasxes  are  fitted  with  a  Shadow-pin,  to  ship  in  i 
socket  on  the  glass  cover  ;  but  there  arc  several  serious  objecUoufl 
to  this  orrangiiment  The  pin,  from  iu  exposo<l  position.  ■ 
continually  getting  bent;  if  removable,  it  gets  lost ;  if  left  on,  an<l 
the  Uunacle  top  be  hurriedly  shipped  or  unshipped,  it  is  apt  to 
grt  a  knock,  which  will  probably  break  the  glass,  and  cai 
end  of  inconvenience. 

Again,  it  i>  M-hloni  that  the  Shadow-pin  is  it^pped  exactly  in 
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the  same  vertical  line  as  the  centre  of  the  card,  wliich  ouglit 
etfictly  to  be  the  case  if  a  correct  result  is  looked  for ;  the  sun 
haa  to  attain  quite  a  considerable  altitude  before  the  shadow 
can  possibly  fall  on  the  card ;  and  finally,  from  the  motion  of 
the  bowl  and  the  card  not  being  always  coincident,  the  shadow 
on  the  latter  ranges  about  much  more  than  it  need  do. 

On  the  other  band,  when  the  Shadow-pin  is  mounted  on  th» 
card  itself,  it  does   not   suffer   by  handling;   if  made  straight, 
'   it  will  remain  so ;  it  is  protected  from  injury ;  it  is  more  easily 
Centred ;  and  from  its  curved  shape  the  glass  cover  is  stronger. 

The  correctness  of  all  the  various  instruments  used  for  taking 
azimuths  depends,  in  the  first  place,  upon  their  parts  preserving 
either  a  true  horizontal  or  vertical  position,  so  that,  if  the 
objection  be  made  to  a  Shadow-pin  on  the  card  that  it  may 
not  always  stand  truly  vertical,  it  must  not  be  forgotten  that  it 
applies  with  equal,  if  not  greater,  force  to  all  the  other  modes  of 
observing :  and  it  is  this  liability  of  instrumeuta  to  deviate  from 
their  proper  position,  whether  vertical  or  horizuntal,  that  makes 
it  advisable  to  take  azimuths  at  low  altitudes,  whereby  any 
errors  due  to  this  cause  are  reduced  to  a  minimiina. 

To  test  the  balance  of  the  card  is  a  simple  matter.  First  of  all  bumm  oi 
unship  it  and  assure  yourself  that  the  shadow-pin  stands  exactly 
at  right  angles  to  its  surface ;  this  can  be  done  with  an  ordinary 
aet-square.  Next,  replace  the  card  and  put  on  the  glass  cover  j 
then,  standing  at  a  convenient  distance  from  the  binnacle,  and 
the  helmet  or  top  being  removed,  stoop  suiEciently  to  make  the 
ehadow-pin  appear  to  grow  out  of  the  sea  horizon  beyond.  A 
good  eye  will  now  have  no  difficulty  in  judging  whether  or  not 
the  pin  is  at  right  angles  to  the  true  horizontal  tine. 

But  this  is  only  half  of  tlie  tost,  since,  though  the  pin  may  be 
all  right  when  looked  at  from  one  point  of  view,  it  may  be  very 
much  out  from  another :  therefore  exaniine  it  a  second  time  in 
a  direction  eight  points  to  the  right  or  left  of  the  former  one, 
and  if  the  pin  still  continues  upright,  its  verticaltty  on  all 
other  points  is  definitely  established.  Thus  if  the  ship  should 
be  steering  west,  and  you  make  the  first  trial  along  the  N.W. 
point  of  the  compass,  the  second  trial  should  be  made  either 
along  the  N.E.  or  S.W.  point. 

If,  however,  the  pin  should  be  found  inclined  to  one  side  or  the 
other,  note  carefully  the  direction  of  its  inclination,  and  having 
unshipped  the  card,  drop  a  little  melted  sealing-wax  on  the  under  B^'ii'Ut-* 
and  opposite  Ride,  close  out   to  the   eilge,      Re['Iace   the   card,  ^oua. 
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examine  it  afresh,  and  repeat  the  dose  uatil  the  result  ia  satis- 
factory. It  13  best  to  do  this  on  a  smooth  day,  when  the  ship  ia 
upright  and  steady. 

If  the  card  should  get  ovi^rloadcd  with  scaliog-wax,  it  is  easy 
to  chip  it  off  when  hard. 

The  compass  just  described  wus  contrived  by  the  writer,  and  is 
a  comparatively  cheap  and  thoroughly  useful  form  of  Standard. 
It  b  unpatented,  and  can  therefore  be  made  by  any  optician, 
and,  to  avoid  the  expense  of  a  fresh  plate,  luounted  impressions 
of  the  card  can  be  ha<i  through  the  post  for  a  few  pence  from 
F.  M,  Moore,  102,  High  Street,  Belfast,  who  has  constructed  com- 
passes on  this  pattern. 

When  the  owner's  pocket  can  afl'ord  it,  however,  there  is  no 
sir  w.  Thom-  Standard  compass  which  in  any  way  can  rival  the  oue  invented 
ComDiSi*"*  *^^  patented  by  Sir  Wm.  Thomson,  of  Glasgow.  Its  mechanical 
construction  is  as  near  perfection  as  may  be ;  and  looking  at  it 
either  theoretically  or  practically,  it  has  advantages  which  no 
other  known  compass  possesses. 

Unfortunately  there  is  considerable  misapprehension  abroad  oa 
to  this  compass;  the  writer  has  heard  men,  who  ought  to  have 
known  better,  say,  "Ob  I  it  is  too  complicated  for  ordinary  folks." 
Now  there  could  not  be  a  greater  mistake  than  this.  The  entire 
arrangement  ia  beautiful  iu  its  extreme  simplicity,  and  there  is 
absolutely  nothing  to  get  out  of  order. 

"  The  proof  of  tlie  pudding  is  in  the  eating  of  it,"  and  five 
yeara'  experience  of  Sir  William's  compass  in  all  weathers  and 
ctimfttea  has  convinced  the  writer  that  it  is  no  more  liable  to  a 
mishap  than  any  other  kind — perhaps  not  su  much,  whilst  the 
facilities  for  adjusting  it  stAud  unrivalled.     We  uuxt  come  to 

TKB    STEBRnra    COUPABS. 

Among  the  beat  is  one  in  which  the  card  is  almost  floated  in 
^.  diluted  spirits  of  wine."  The  bowl  is,  of  course,  hermetically 
scaled,  to  prevent  the  escape  of  tite  spirit ;  and  in  the  better  de- 
scriptions there  is  s  conipeutwtory  arnuigement,  which  pennite, 
withont  injury  to  the  several  parta,  the  expansion  and  contraction 
cousoquont  on  cliauge  of  t^imperature. 

The  objects  of  this  form  of  compass  are,  first,  to  diminish  tb« 
a-     friction  due  to  the  weight  of  the  card   on   the   pivot,  thereby 

*  Pun  alwhal — [uulliulji  known  h  «(iir!U  uf  *i<M — i«  pnlarmlila  In  WBlvr, 
•BJ  'thsr  liqiiij,  <ia  wvounl  of  Ita  not  (reeling  «Ten  at  rrf^r  Ice  trin(i«ntaraa. 
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materially  increasing  its  aenmtiveness,  and  secondly,  to  render 
tho  compass  steady  in  huavy  weather,  or  when  |ilaced  in  positions 
where  there  is  mucli  tremor  arising  from  machinery  or  otherwise. 
The  flotation  power  of  the  card  is  so  adjusted  that,  though  the  power, 
latter  is  several  ounces  in  weight,  its  pressure  on  the  point  o£ 
support  does  not  exceed  15  or  20  grains.  The  bowl  should  be  so 
completely  filled  by  the  spirit  as  to  leave  no  air-bubble.  If  one 
should  at  any  time  appear,  the  bowl  mu^t  be  unshipped  and 
turned  npside  down,  to  permit  of  the  deficiency  being  made  good 
tbrnogh  the  proper  filling  hole,  which  is  then  closed  by  a  screw- 
cap  and  washer.  On  no  account  mtw(  the  glass  cover  ever  be 
started. 

There  is  only  one  other  caution  necessary  in  the  use  of  liquid 
compasses.    In  tropical  climates  tliey  should  be  carefully  shielded  ^^'S.'* 
from  the  rays  of  the  sun,  which,  if  permitted  to  beat  upon  them,  -- 
would  turn  the  card  a  dirty  yellow,  and  eventually,  a  brown  color; 
besides  risking  the  breakage  of  the  glass  top,  owing  to  excessive 
expansion  of  the  spirit.     From  neglect  of  this  simple  precaution 
the  writer  has  seen  several  liquid  compasses  come  to  grief  most 
unexpectedly,  causing  much  annoyance  during  the  rest  of  the 
passage,  and  expense  at  the  end  of  it     This  is  the  only  kind  of 
compass  which  is  suitable  for  boat  work;  iu  all  other  descriptions  BoateomruA 
the  card  swings  so  much  as  to  be  useless.* 

An  erroneous  idea  sometimes  prevails,  that,  in  an  iron  vessel 
fiuch  a  compass  is  less  aflected  than  those  of  the  comnion  pattern. 
This  is  really  not  the  case,  nor  do  the  makers  wish  to  convey 
such  an  idea.  As  explained  above,  a  card,  when  nearly  afloat,  ia 
much  more  sensitive  and  obedient  to  the  eartli's  directive  force 
than  the  same  one  would  be  if  sulTered  to  rest  its  whole  weight 
on  the  sustaining  pivot,  and  that  is  all.  The  writer  cannot  here 
do  better  than  quote  Mr.  Towson'a  remarks  on  this  subject.  He 
says,  on  page  122,  in  his  work  entitled  "  Practical  Information  on 
the  Deviation  of  the  Compass  for  the  use  of  Masters  and  Mates": — 

"In  connexion  with  compass  deviations,  many  practical  men 
have  vainly  attempted  to  discover  some  substance  or  medium  that 
would  insulato  the  needle  from  the  influence  of  the  magnetism  of 
the  ship's  iron.  Many  imagined  discoveries  of  this  character  have 
been  patented,  and  have  served  both  to  waste  the  time  and  money 
of  the  patentees,  and  to  distract  the  attention  of  the  mariner  from 


*  In  ths  bett  Iii4iii<l  cumpuHii  the  card  ii  of  bonl  enamel,  wbicb  pennita  of  part 
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I  Tluiaa  iwIdU  .sui  neTW  he  guned  in  the  nrdiitkry  ]iaintoil  c^rd. 
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that  claaa  of  study  which  alone  can  promote  hia  safety  in  nsvi* 
gating  an  iron  ship.  It  may  be  stated  with  contidence  that  thero 
is  no  available  medinm  that  can  intercept  magnetic  influence. 
For  two  centuries,  at  least,  every  cIhrs  of  bodies  has  been  syb- 
niitted  to  experiment,  in  order  to  diw^over  a  material  capable  of 
intercepting  the  influence  ot  one  magnet  on  another,  not  for  th« 
purpose  of  preventing  deviation,  but  because  the  mechanic  dearl^r 
perceives  that  if  such  a  material  were  discovered,  a  motive  power 
could  be  produced  by  various  arrangements  of  permanent  magnerta 
and  insulating  bodies.  But  no  one  has  succeeded  in  making  thia 
discovery.  Should,  however,  the  efibrts.  which  for  centuries  bars 
been  unsuccessful,  be  realized,  although  a  new  motive  power 
would  thereby  be  available,  it  would  be  altogether  valueless  in 
connexion  with  the  compasses  of  iron  ships.  The  inf^netism  of 
the  earth  generally,  the  loadstone,  soft  iron,  hard  steel,  or  the 
electro- magnet,  ia  sU  of  the  same  natura  If  we  shut  ofi*  one,  wa 
shut  ofl"  all. 

"  If,  therefore,  we  conld  succeed  in  insulating  the  needle  from 
the  magnetism  of  the  ship,  we  should  by  the  same  means  iutercdpt 
the  magnetism  of  the  earth,  and  thus  the  compass  would  be 
tendered  absolutely  useless.  In  the  first  place,  then,  the  object 
soogbt  for  ia  not  available  ;  and,  secondly,  if  such  a  medium  did 
exist,  it  would  be  entirely  valueless  in  connexion  with  the  com- 
pasaea  of  iron  ships." 
TopDiAT  There  ia  an  ill-founded  opinion  prevalent  among  certain  pilots 

uaaatoidan-  and  seamen  that  the  compass  is  affected  by  fog ;  by  certain  strong 
a*™*-  winds  of  long  duration ;  by  the  proximity  of  the  vessel's  keel  to 

the  bottom,  in  the  shallow  waters  of  rivers  and  estuaries,  such  aa 
the  Rio  de  la  Plata;  and  by  the  phenomenon  known  as  the 
Aurora  BortaliB  and  Au8ir<tli9.  The  sooner  such  notions  are 
abandoned  the  better  for  the  navigator,  as  they  divert  his  mind 
from  the  true  source  of  error.  The  first  three  causes  do  ooi 
aSeet  the  compass  in  the  sUghleat  degree,  and  any  distorbanee 
due  to  the  latter  can  only  be  delected  by  the  delicately  suspended 
needles  in  an  observatory  ashore,  where  an  nnusual  deflection  of 
tlie  sixth  of  a  degree  Is  considrred  a  big  thing. 

If.  therefore,  under  conditions  such  as  those  just  alluded  to,  an 
unexpected  amount  of  deviation  should  be  found,  the  navigator 
mart  unheaiUtingly  reject  the  fog  theory,  Sic,  and  endeavour  to 
trace  the  error  of  his  compasa  to  its  rtu!  cause. 

Agaia,  it  can  confidently  be  awerted  that  thwnderatorma  pro- 
duce no  effect  whatever  on  the  compass,  uiilesa,  indeed,  the  ship's 
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lull  shonld  actually  be  damaged  by  lightning — which,  common  u-ut^j,,- 
though  it  be  in  the  case  of  wooden  vessels,  appears  to  be  impossible  flamag*. 
with  iron  ones,  as  there  is  no  instance  on  record  of  such  a  thing 
having  happened,  though  there  arc  numerous  instances  of  their 
masts — when  not  of  iron — having  been  rent  and  shattered  like 
match- wood.  Iron  is  a  good  conductor,  but  water  is  still  better; 
the  iron  ship,  therefore,  when  struck  by  lightning,  gives  the 
electric  fluid  a  free  and  speedy  passage  to  the  water,  where  it  is 
at  once  harmlessly  dissipated.  Wood,  on  the  contrary,  is  a  non- 
conductor, and  suffers  accordingly. 

The  proximity  of  the  vessel  to  land  of  volcanic  origin  is  uwnBtia 
supposed  by  some  seamen  to  influence  the  compass.  It  is  true 
that  many  masses  of  rock  are  intensely  magnetic,  and  aSect  the 
compass  most  powerfully  if  placed  miffideiitly  near  to  them ; 
but  it  has  been  ascertained,  beyond  a  doubt,  that  such  land  causes 
no  disturbance  of  the  compasses  aboard  ship,  as  they  are  entirely 
beyond  its  influence  at  the  distance  vessels  are  usually  navigated 
from  the  shore. 

From  time  to  time  one  hears  extremely  foolish  accounts  of 
vessels  being  wrecked  through  the  attraction  of  land.  The  writer 
i«collect«  one  in  particular— the  loss,  some  few  years  ago,  of  a 
steamer,  near  Cape  Santa  Maria,  in  the  River  Plate — which  was 
attributed  by  some  sage  newspaper  correspondent  to  the  efiect  of  flinbiaui* 
a  supposed  magnetic  hill  in  the  vicinity  of  the  wreck.  As  ayj^^"" 
matter  of  fact,  the  vessel  was  lost  through  ignorance  of  the  North- 
Easterly  current,  which  invariably  runs  on  that  coast  with  great 
strength  during  a  Panipera 

Anyone  can  test  theae  points  for  hiniselt  In  thick  fogs  it  is 
often  beautifully  clear  above,  so  that  "  time  azimuths  "  can  readily 
be  taken  of  sun,  moon,  or  stars,  which  can  be  repeated  after  the 
f(^  hsa  cleared  ofl*;  and  these  observations  can  again  be  compared 
with  those  taken  an  the  same  course  a  short  time  pi-evious  to  the 
fog  setting  in.  In  like  manner,  when  passing  close  to  islands  OtiHmtioni 
known  to  be  magnetic — such  as  St.  Helena,  or  the  Salvages — a  ^^  ^' 
aeries  of  azimuths  would  do  more  to  convince  the  sceptic  than  any 
amount  of  writing  on  the  subject. 

It  may  be  stated  therefore — in  the  most  positive  manner — 
that  neither  mecIianicaUy  nor  vuigneticatty  does  fog  afl'ect  the 
compass. 

The  writer  would  wish  it  understood  that  the  foregoing  remarks 
are  based  entirely  on  his  own  experience,  quite  irrespective  of 
ilar  statements  made  by  wuU-knuwn  authorities ;  and  in  every 
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instance  most  careful  experimenta  were  instituted  to 
disprove  all  such  theories. 

In  a  large  vessel  where,  to  gain  power,  the  wheel  is  of  conudi 
able  diameter— say  7  feet  or  upwards — tivo  ateering  coni] 
are  absolutely  necessary,  each  so  placed,  to  starboard  and  pon 
that  the  helmsman  may  have  the  compass  directly  in  front  0 
him,  no  matter  at  which  side  of  the  wheel  he  may  bo  sbandtii| 
If  there  should  happen  to  be  but  one  compass,  an  error,  doe  b 
parallax,  will  be  introduced  in  the  course.  Looking  at  the  con 
pass  in  an  oblique  direction  causes  an  apparent  change  in  til 
relative  positions  of  the  lubber-line  and  the  marginal  diviaona  d 
the  card — the  greater  the  clearance  between  the  edge  of  the  can 
and  the  compass  bowl,  the  greater  the  error.  Unless  the  helnu 
man  can  get  the  centre  of  the  card  and  the  lubber-point  in  on 
with  his  course,  he  is  sure  to  steer  to  one  side  of  it  Where,  froi 
the  inconvenient  closeness  of  a  skylight,  stanchion,  or  other  dtd 
fixture,  a  single  midship  cr>mpass  is  unavoidably  placed  very  nei 
to  the  wheel,  or  is  so  placed  because  the  steersman's  sight  will  na 
define  the  degrc&s  at  a  greater  distance,  this  error  or  parailacU 
displacement  of  the  lubber-Hne  is  aggravated,  amounting  ttt 
quently  to  a  quarter  of  a  point.  Now,  in  a  moderate  day's  rai 
of  say  300  miles,  in  thick  weather,  this  becomes  a  serious  eon 
Bideration,  as  it  a(ft.-cts  the  ship's  position  at  the  end  of  it  to  tb 
tune  of  15  milca  Hence  the  necessity  for  a  compass  directly 
facing  the  steersman,  which  should  bo  as  far  distant  from  him  a 
may  be  compatible  with  distinct  vUion  ;  and  to  this  end  it 
diameter  ought  not,  in  the  case  of  a  spirit  compass,  to  be  less  tl 
eleven  inches.  If  constructed,  however,  on  the  principle  patented 
by  Sir  William  Thomson,  there  would  bo  a  groat  advantage  ii 
increasing  the  size  to  fifteen  or  even  sixteen  inches.* 

By  placing  the  compass  as  far  forward  of  the  wheel  as  possible 
it  is  leas  within  the  iufiuence  of  the  iron  spindle,  tiller,  rudder 
head,  and  stern-post,  all  of  which  in  an  iron  vessel  are  poworfolli 
magnetic.  If,  however,  as  is  frequently  the  cose  now,  the 
wheelhouse  shoidd  be  coustructed  wholly  of  iron,  with  possibly 
an  iron  deck  in  a<ldition,  and  steam  stet-ring  gear,  it  seems  certatj 
that  inudtvortky  compeiisaUon  by  magnets  mu.st  be  extr«titelj 
difficult,  and  only  to  be  accomplished  after  a  lengthened  investi- 
gation of  the  nature  of  the  many  forces  acting  on  the  compass. 

In  sailing  vesneLs  it  is  not  uncommon  to  find  an  attempt  mi 

■  (IniU  rMastlr  91r  WQlUm  TVniiaon  hu  onutnietad  IS-lneh  atMriof  conpl 
«Ueh  )w*>  bcaa  (onod  bj  tlw  wrilvr  knd  otho*  U>  ^xr  •in-llfnl  rMUlu. 
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to  remedy  thia  liability  to  error,  when  steering  with  a  single 
eompaas  in  the  midship  line,  by  having  the  binnacle  containing  it 
made  to  slide  over  from  side  to  side  as  required  ;  but  it  is  easy  to  sliding 
see  that,  even  in  a  wooden  ship,  such  an  arrangement  is  far  from 
advisable,  as  the  iron  spindle  of  the  wheel  must  affect  the  compass 
in  a  different  direction  every  time  the  latter  is  moved  across. 
However,  there  is  nothing  like  trial,  and  when  the  ship  is  in  the 
graving  dock,  or  at  sea  in  a  calm,  with  perfectly  smooth  water, 
the  sliding  binnacle  can  be  tried  in  both  positions ;  but  the  result 
cannot  be  considered  satisfactory  unless  the  experiment  is  tried 
vith  the  ship's  head  in  different  direciiona. 

Now-a-days  many  large  steamers  are  steered  by  ateam ;   one 
man,  with  a  miiiiatuTe  wheel  about  30  inches  in  diameter,  sufficing 
to  control  the  movements  of  the  vessel's  head.     In  this  case  one  giMm 
compass  is  all  that  is  necessary,  as  the  helmsman  stands  directly  SS^"* 
behind  the  wheel,  the  spindle  and  pedestal  containing  the  con- 
cectiona  being  immediately  on  the  fore  aide.* 

It  is  necessary  here  to  say  a  few  words  touching  the  fittings, 
as,  unless  particularly  specified,  they  are  not  always  made  of  brass. 
In  one  large  mail  steamer  commanded  by  the  writer,  the  spindle 
of  the  wheel  and  vertical  shafting  commuuicating  with  the  steam- 
steering  engine  were  actually  made  of  iron,  though  their  ends 
came  within  seven  inches  of  the  compass.  How  the  maker  had 
the  hardihood  to  venture  on  such  a  petty  economy,  involving  such 
serious  consequences,  it  is  difficult  to  say.  The  iron  work  alluded  ooncwdMl 
to  was  enclosed  in  a  brass  pedestal,  which  would  have  concealed  ^"^ 
it  moet  effectually ;  but  fortunately,  before  the  ship  was  delivered 
to  her  owners,  the  matter  was  discovered  and  reported  to  the 
builders,  who  insisted  upon  the  maker  substituting  a  brass  spindle 
and  8  feet  of  brass  shafting  for  the  iron.  One  cannot  therefore 
be  too  wide-awake  in  these  things  when  looking  after  the  finish 
of  a  new  ship. 

In  the  same  vessel  there  was  a  large  teak  skylight,  almost 
touching  the  wheelhonse  on  the  foreside ;  and  to  prevent  the 
leaves  of  the  skylight  warping  with  the  heat  of  the  sun,  one  of 
the  foremen  caused  three  iron  brackets,  or  stiffenera,  to  be  screwed 
I  firmly  on  the  under  side  of  each  leaf,  and  was  very  much  astonished 
'  when  told  that  every  time  the  skylight  might  be  opened  or  sliut, 
that  the  compass  in  the  wheelliouse  would  be  affected  to  the 
extent  of  several  degrees.     Nothing  short  of  actual  trial  would 


'    Yidt  Diagram  12  and  13,  pnge  Zli. 


couvince  Mni  that  such  would  Ui  the  cade — ^his  arguiuent  beiii^ 
that  as  the  wooden  hulkhead  of  tb«  wbeelhouae  iutervened,  tha 
iron  hrackets  could  not  possibly  disturb  the  compatu.  However, 
the  qucstioD  was  set  at  rest  soon  after,  wheu  the  compassea 
came  down  from  the  makor.  The  disturbance  caused  by 
opeiiiag  and  shutliug  the  skylight  amounted  nearly  to  half  S 
point,  so  the  after  iron  brackets  were  removed,  and  brass  < 
su>Mtitutcd. 

In  luiotbor  large  sl^'amer,  also  commauded  by  the  writer,  the 
heels  of  the  maiu  Latch  caigo  derricks  were  fitted  into  subst&Dtial 
iron  »lioes,  shaped  something  aft«r  Uie  fashion  of  a  tuning  fork, 
and  connected  by  a  piu  to  the  lags  of  the  goose-oeck  ia  ths 
usual  inauner. 

I^Iacli  shoe  was  four  feet  long,  and  (irmly  aecured  to  its  derrick 
ty  a  coiipie  of  stout  iron  bands  tlriven  tightly  on  over-alL  Thi» 
Diode  of  titting  is  good  and  strong,  and  every  way  superior  to  tho 
common  rag-bolt  Reference  to  the  diagram  facing  this  ]Mtge  wiU 
show  that  the  derricks  were  stepped  on  the  forward  break  of  tho 
saloon  deck-house  in  such  a  maiinL-r,  that  when  raised  to  plumb 
ths  hatchway  the  upper  ends  of  the  shoes  came  within  three  feet 
six  inches  of  the  wheelhoiwo  compass,  and  on  about  tlie  same  level 
as  the  card. 

Now,  as  the  iron  shoes  were  neatly  let  in  flush  witli  the  surfaeo 
of  the  wood,  and  as  moreover  the  ilerricks — from  head  to  heel- 
were  plenteously  smotlicred  in  mast-color  point,  uftf  r  the  manner 
of  steamboats  in  general,  it  was  not  likely  that  any  one  would 
readily  susjK-ct  the  presence  of  so  dangerous  and  wcll-ambuahed 
an  enemy. 

Un  the  25tb  of  October,  188 — ,  when  going  round  from  Ports- 
montl)  to  Liverpool,  it  was  decided  to  try  what  eSect  would 
bo  produced  on  the  wheelliousc  compass  by  placing  the  derrick* 
in  their  usual  working  pobition.  The  ship  at  the  time  waa 
aonie  U>u  miles  to  the  weaiward  of  tlie  Bill  of  PortUiud,  and 
the  course  aleerud  was  West.  (eorr.  ul(^;.).  Aidmutlis  were  taken 
with  the  derricks  in  the  two  [xoitioos  shewn  in  the  diagmiu,  and 
the  ditTerencu  iu  the compasit  between  "derricks  up"  and  "derricki 
down"  aiiioujiUd  to  no  Iwe  Uuin  18' II!  The  Bridge  cumpaaa 
beiug  wcJI  eJevftted,  proved  to  be  beyond  the  intlucnce  of  the  iroa 
ahoes,  as  it  was  uut  iitTuCteJ  iu  the  slightest  degree.  Can  it  bo 
wondered,  then,  tliat  vckscU  are  lost  without  those  in  charge  being 
able  to  account  for  it.  Regular  comparisons,  at  fthurl  intervata, 
bulwcdi  U)G  Standard  and  Steering  compass  dliuuld  \k  a  atandinj{ 
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fule  on  board  ship,  and  would  umterially  asaint  in  the  detection 
of  "  f<>ggy"  casea  like  the  above.* 

Wheu  a  rag-bolt  is  buried  in  the  heart  of  the  spar.  It  is  even 
less  likely  to  attract  attention  than  the  shoe  is. 

Many  men  fancy  that  by  covering  an  iron  stanchion  with  can- 
vase,  and  then  painting  it,  or  by  sheathing  it  with  brasa  or  Muntz's 
metal,  they  can  destroy,  or  rather  shut  off,  its  magnetic  influence 
-  on  a  compa.ss;  but  unfortunately  thli  is  totally  ivipossible.  As 
already  stated  in  these  pages,  no  substance  has  ever  bfen  dis- 
covered which  will  accomplish  this. 

It  cannot  be  too  strongly  impressed  on  the  swlor's  mind  that  if 
s  given  piece  of  iron  profluces,  say  ten  degrees  of  effect,  on  a 
compass  at  a  distance  of  three  feet,  it  will  produce  precisely  the 
!  effect  if  the  space  between  them  shouM  be  built  up  solid 
with  any  non-magnetic  material  he  chooses  to  name.  In  "Evans's 
Elementary  Manual"  we  are  told: — "Magnetism  exerts  ita  influ- 
ence through  all  bodies,  even  the  most  dense.  This  is  a  remarkable 
property  which  is  not  possessed  by  light,  heat,  or  electricity." 

There  appears  to  be  a  diversity  (if  opinion  among  shipbuilders 
L3  to  the  proper  place  for  locating  the  steam -steering  engine. 
5ome  have  it  nmidship,  on  the  main  deck,  just  under  the  fore- 
wheelhouae ;  whilst  others  prefer  to  place  it  in  the  after-wheel- 
liouse,  where  it  is  controlled  from  forward  by  means  of  very 
simple  shafting,  leading  aft  under  the  deck.  Allusion  is  here 
'made  to  this  only  in  so  far  as  it  has  to  do  with  the  compass. 
Wliere  the  engine  is  placed  aft,  it  is  possible  at  all  events,  to 
'have  the  steering  compass  in  the /oj'e-wheelhouse  tolerably  free 
■from  iron  in  its  vicinity,  and  on  this  account,  if  on  no  other,  it 
■hould  be  so  placed.  Fortunately  this  plan  possesses  mechanical 
Bii  well  as  other  advantages  which  renders  its  ultimate  adoption 
a  matter  of  certainty. 

Before  quitting  the  subject  of  compasses,  there  are  a  few  more 
points  to  be  noted  in  connection  with  it.  In  a  ship  fitted  with  a 
mast,  tripod,  or  pole  compass,  it  would  he  an  excellent  plan  to 
consider  it  as  the  "  Standard  compass."  and  the  one  on  deck  other- 
wise known  by  that  name  to  be  called  the  "  Navigating  compa^M." 
I  Kast  compasses,  when  properly  constructed  by  experienced 
L  makers,  and  well  placed,  are  often  very  reliable.  Their  deviation 
B  very  small  in  amount,  and  muck  more  constant  than  compasses 
r  the  hull      Nevertheless  they  are  apt  to  defeat  their  object 
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and  abuse  the  confidence  reposed  in  them,  if  stupidly  placed  neu 
wire  rigging,    iron  caps  or  bands,    iron  stropped  blocks,  > 
tyes,  or  haulyards,  &c. 

If,  therefore,  in  a  steamer,  it  should  be  decided  to  have  a  Maat 
compass  (and  in  the  writer's  opinion  no  iron  steam  vessel  shoulc 
be  without  one),  proper  provision  must  be  made  for  it — the  mai 
of  course,  must  be  of  wood,  the  rigging  of  rope,  and  the  &bov« 
precautions  followed  out  to  the  letter. 

The  ship's  coarse  should  always  be  act  by  the  "Kavigatinj 
compass,"  checked  by  the  "  Standard  compass,"  and  referred  to  tb 
"  Steering  compass  "  by  a  signal  agreed  upon,  such  as  the  whis 
in  general  use  among  officer^. 

All  observations  should  be  nia<lc  by  the  Navigating  compass. 

It  ia  clearly  impracticable  to  ascertain  the  deviation  of  tbo 
Standard  (mast)  compass  by  direct  observations,  although  it  cai 
be  done  very  easily  by  a  method  described  further  on,  under  tin 
heading  of  Friend's  Pelorus,  or  still  more  essily  by  comparison 
with  another  compass,  the  error  of  which  has  already  been  deter- 
mined.  The  same  applies  to  the  steering  compass  when  inside  i 
wheelhouse. 
BlanudOom-  Mast  or  pole  compasses  require  more  looking  aflcr  than  others, 
mmr^^  For  example,  the  increaswl  motion  aloft  causes  extra  wear  t 

tear  of  the  pivot  point  and  jewelled  cap.     These  should  be  ex- 

Iumineil  at  frequent  intervals,  esiwcialiy  if  t)ie  ship  alwuUi  be  ill 
a  nmgk  wealker  trade.  The  magnifying  glass  found  in  all  sex- 
tant cases,  and  a  Bne  sewing  needle,  serve  to  scrutinize  the  capk 
If  the  stone  is  found  to  be  Hawed,  it  should  he  at  otice  replaced 
with  a  spare  one,  of  whicli  several  are  generally  supplied  in  A 
Srat  outfit.  If  the  pivot  point  is  broken  or  dulled,  it  can  btt 
touched  up  on  the  carpenter's  oilstone. 

In  CSM  the  elevated  compa^  sliould  be  mounted  North  Country 
fashion — on  a  single  polo,  it  ia  open  to  a  special  error.  What  » 
man  is  there  who  has  not  seen  a  spruce  topgallant-maat  war|t 
with  a  tropical  sun,  until  the  sheavehule  looked  over  one  bow  o 
other,  instead  of  right  ahead  ?  In  tlie  case  of  the  pole  compaai^ 
this  twisting  of  the  supporting  spar  has  frequently  occurred, 
without  doubt  will  occur  oj^ain  :  and,  as  an  inevitable  consequence 
the  lubber-line  is  slewed  to  the  right  or  left  of  its  proper  plac«, 
perhajHt  to  a  serious  extent  Against  this  latt«r  source  of  error  i( 
ia  specially  important  to  warn  tlie  navigator.  To  some  it  may 
appear  neudlcss  to  do  so.  but  experience  shows  that  misplaced 
lubber-lines  have  escuii^il  dctictiou  for  ui out) is,  and  in  some  o 
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years.  The  supporting  spar  of  the  Pole  compass  should  there- 
fore be  fashion^  out  of  wood  not  liable  to  twist  (red  pine  and 
teak  appear  to  be  suitable),  and,  as  an  additional  preventative,  it 
should  be  well  coated  with  white  paint  mixed  with  raw  oil,  and  all 
rents  carefully  puttied  up. 

In  one  steaoner,  the  brass  band  carrjring  the  masthead  compass  oenerai 
had  been  slewed  out  of  position  by  the  span  of  the  after-hatch  ?*52J*^  "  ^ 
cargo  derrick,  and  had  remained  so  for  several  voyagea  The 
error  in  the  place  of  the  lubber-line  due  to  this  cause  was  7**.  It 
has  come  under  the  writer's  observation  that  numerous  vessels 
have  been  nearly  lost  through  want  of  attention  to  this  highly 
important  matter. 

On  taking  command  of  a  vessel  about  to  proceed  to  sea,  it 
should  be  one  of  the  iirst  duties  of  the  captain  to  ascertain  if 
the  lubber  point  of  his  "Navigating  compass"  be  exactly  in  a 
true  fore-and-aft  line.  In  one  instance,  where  the  error  from 
this  cause  amounted  to  6^  a  steamer  was  all  but  run  ashore 
on  the  Arklow  Bank  during  misty  weather;  and  the  vessel 
actually  completed  her  voyage  to  the  Brazils  and  back  without 
the  master  discovering  what  was  the  matter,  though  his  courses, 
day  after  day,  Tnuat  have  conveyed  to  his  mind  that  there  was  a 
screw  loose  somewhere.  In  another  instance  a  line-of -battle  ship, 
after  shaping  a  course  from  Milford  Haven  to  the  Sevenstones, 
was  found,  at  daybreak,  to  be  miles  outside  the  Scilly  Islands. 
On  investigation,  the  lubber-line  of  the  "  Navigating  Compass " 
was  dwcovered  to  be  5°  to  port  of  the  midship-line. 

Like  a  snake  in  the  grass,  this  kind  of  error  lies  concealed,  and  oo-effldent  a. 
cannot  be  dragged  to  light  by  azimuths  or  amplitudes,  as  these 
observations,  unless  treated  in  a  mathematical  manner,  reveal  only 
the  errors  of  the  card,  and  not  those  of  the  howl*     Pay  strict 

*  When  the  compass  is  so  situated  as  to  make  it  difficult  tu  refer  the  lubber-line 

direetlj  to  the  ship's  head,  and  it  is  suspected  to  be  badly  placed,  its  error  may  be 

▼ery  closely  determined  i—Carrfully  ascertain  the  deviation  on  the  four  cardinal 

points,   by  comparison  with  the  Standard  or  by  the  Pelorus,  marking  it  +  when 

easterly,  and   -  when  westerly.      Add  together  those  of  a  similar  name.      Take 

the  difference  between  the  two  amounts  thus  found,  retaining  the  sign  of  the  greater, 

and  divide  it  by  4.     This  remainder  is  known  as  the  coefficient  A,  and,  in  a  well  made 

compass,  is  due  for  the  most  part  to  a  misplaced  lubber-line.    When  the  sign  is  + ,  the 

lubber-line  should  be  moved  to  the  right. 

Deviation  ship's  head  north  -  12^  Head  south  +    2** 

„  „  east  -  24'*  „     west    +  18* 

-  86*»  +  20* 

+  20" 


4)-  16* 
Coefficient  A  -     4* 
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attention,  then,  to  this  matter,  as  it  is  one  of  the  '*  important  aim- 

plicitiea  "  of  navigation.     When  compass  bowls  are  being  painted 

inside,  see  therefore,  that  the  lubber-lines  are  not  obliterated,  and 

afterwards  put  in  almost  at  random  by  some  one  ignorant  of  the 

mischief  which  may  accrue  from  their  carelessness.     It  is  surely 

an  easy  task  to  paint  close  up  to  the  lubber-line  with  a  small 

camel-hair  brush  ;  and,  to  avoid  mistakes  in  reshipping  the  bowl, 

when  temporarily  removed  from  the  binnacle  for  any  purpose, 

there  should  be  only  one  lubber-line.     This  will  prevent  the  pos- 

Mort  tluui    sibility  of  reversal  in  the  gimbala    Compass  bowls  are  not  onfre- 

iiM  B0t      quently  marked  with  four  lubber-lines,  but  what  service  three  of 

them  render  is  not  manifest     The  useless  ones  should  be  painted 

over  at  the  earliest  possible  moment 

The  reader  must  not  imagine  that  "  Pole  Compasses  "  are  the 
only  ones  liable  to  this  defect,  which  has  been  known  to  exist  in 
"  Standard  Compasses,"  "  Steering  Compasses,"  and  even  "  Navi- 
gating Compasses."  When  detected,  cover  over  the  faulty  line 
¥rith  two  coats  of  thick  white  paint,  and,  with  a  black  lead 
pencil,  rule  it  carefully  in  again,  in  its  proper  place.  Avoid 
making  the  line  gouty,  or  too  thick. 

It  should  be  borne  in  mind  by  owners  and  others  that  a  perfect 
compass  is  not  the  only  want  of  the  navigator.  In  fact,  too  much 
cannot  be  done  by  adopting  improved  nautical  instruments  of  all 
kinds,  so  as  to  lessen  the  constant  risk  incidental  to  such  an 
arduous,  responsible,  and  hazardous  profession. 


CHAPTER  m 

THE   MARINE   CHRONOMETEa 

The  days  of  navigating  by  a  carpenter's  two-foot  rule  have 
gone  by,  and  accurate  time-keeping  chronometers  are  a  necessity 
of  the  "lightning  age"  in  which  we  live.  Without  them  the  rapid 
ocean  voyages,  which  are  now  of  every-day  occurrence,  could  not 
possibly  be  made,  although  the  writer  has  heard  it  stated,  in  all 
seriousness,  by  non-nautical  men,  that  the  quick  transit,  from  port 
to  port,  of  the  present  ocean-express  steamers,  obviates  the  neces- 
sity for  carrying  chronometers ! ! !  Such  an  idea,  of  course,  could 
only  be  entertained  by  men  entirely  ignorant  of  the  principles 
and  requirements  of  navigation,  and  is  scarcely  in  accordance 
with  the  steady  increase  in  the  establishment,  all  over  the  world, 
of  Time-signals  for  the  special  use  of  shipping. 

It  may  be  truly  said  that  when  chronometers  came  in,  lunars  Ohronomgton 
went  out — concerning  the  latter,  something  will  appear  in  sub-  ^*^^'^  ^*°*" 
sequent  pages.  Of  late  years  not  only  has  the  chronometer  been 
perfected  in  a  high  degree,  as  a  reliable  timekeeper,  but  its  price 
has  been  reduced  so  low,  by  excessive  and  unhealthy  competition, 
that  to  be  without  one,  on  any  over-sea  voyage,  would  be  con- 
sidered almost  criminal  negligenca 

In  the  principal  ports,  both  at  home  and  abroad,  the  process  of 
rating  is  rendered  quite  simple  by  means  of  public  time-signals,  ^ini^  atgnaii 
In  some  places  the  exact  time  is  given  by  gun-fire,  and  at  others 
by  the  dropping  of  a  ball,  or  the  instantaneous  collapse  of  a  cone. 
No  matter  what  may  be  the  method  employed,  the  result  is  the 
same,  and  he  who  is  now  ignorant  of  the  error  and  performance 
of  his  chronometers,  cannot  plead  want  of  facilities  for  deter- 
mining them.* 

The  almost  universal  introduction,  both  by  land  and  sea,  of  the 
electric  telegraph,  has  lately  been  much  used  for  the  better  deter- 

*  See  Table  of  SUndiird  Time-tignala  on  pugee  895- lUi). 
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minatioD  of  meridian  distaneea.     Observations  of  tlie  Trtinsit  c 
Venus  in  1874  and  1882  conduced  also  to  this  end,  as  certun  oCA 
them  necessitated  a  knowledge  of  the  exact  longitude  of  selectedV 
stations  which,  until  that  Lime,  had  been  known  only  spproxi-^ 
mately.     In  fact,  it  may  be  broadly  asserted,  that  there  ure  now 
but  few  habitable  spots  on  the  globe  of  which  the  longitude  ia 
known  with  sufEcient  accuracy  for  purposes  of  navigation. 

Vessels  destined  for  long  voyages  should  carry  not  fewer  t 
three  chronometers.  If  there  are  only  two,  and  one  becomes  i 
accurate,  it  is  impossible  to  decide  which  is  in  error,  whereas,  wit! 
the  former  number,  and  re^lar  daily  comparisons,  a  tolerably 
correct  judgment  may  be  formed  as  to  the  going  of  each.  Tbt 
only  advantage,  therefore,  in  carrying  a  second  chronometer  lies  li 
the  fact  of  having  a  stand-by  in  the  case  of  accident  to  one  a 
them — such  as  the  breaking  of  the  mainspring,  or  other  part  ( 
the  dt;licate  mechanism. 

Chronometers  should,  if  possible,  be  kept  in  a  part  of  the  v 
free  from  jars  or  much  continuous  vibration ;  not  in  the  after-eodj 
of  a  screw-steamer,  nor  in  proximity  to  a  steam-wiuch ;  neitl 
should  it  be  permitted  to  roll  heavy  bales  or  cases  along  the  dec 
in  their  vicinity.    If,  however,  this  last  cannot  be  avoided,  it  wouldl 
be  well  to  remove  the  chronometers  from  their  outer  cases  tot 
the  time  being,  and  bed  them  on  soft  feather  pillows.     On  av 
account  should  they  be  slung  in  hammocks  or  cota  whibt  at  e 
OS  it  has  been  found  to  cause  great  irregularity  in  their  j 
formance. 

In  most  steamers  of  [uo<lcrn  build  there  is  a  chart-room  oo  tht 
upper  deck,  about  the  midships  of  the  vessel,  and  thb,  for  maaT 
reasons,  ia  a  good  placa      In  the  absence  of  a  cliart-rooni  th^ 
Captain's  own  cabin  is,  of  course,  the  next  best  place  ;  oud  in  thi 
case  it  ia  welt  (in  steamers)  to  have  a  fourth  chronometer  in  thai 
second  officer's  room,  as  a  liack-watch  for  general  use  among  t 
officers.     If  knocked  about  (so  to  speak),  it  will  probably  not  goM 
so  well  as  till!  others,  but  tliis  is  immaterial,  as  a  comparison  c 
bo  made  at  convenience  with  the  standard  instrument ;  indeed  ttl 
should  be  made  every  third  or  fourth  day.  and  entered  in  a  smal 
l>ook  kept  in  tlie  outer  cose  of  the  hack-wutch. 

Chronometers  are  sometimes  improperly  stowed  in  one  of  tbt 

drawers  of  an  ordinary  set  intended  originally  for  clotliing.  &&I 

This  is  a  very  ba<l  pnictica     To  give  them  fair  play,  they  should! 

liave  a  special  mahogany  box  (as  nearly  air-tight  as  possibloXl 

fitted  with  a  strong  gla«»  top,  and  divided  hy  partitions,  accordinv  ■ 
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tto  the  number  carried — each  compartiiieut  being  lined  with  green 
baize,  and  stuffed  with  best  curled  hair. 

The  chronometera  should  be  removed  from  their  own  outer  nwaiia  of 
boxes,  and  the  upper  part  of  the  double  lid  of  the  inner  case  dis- 
pensed with  by  taking  the  acrowa  out  of  the  hingea,  so  that  the 
face  of  the  instrument  may  be  seen  through  the  glaas  where  the 
rate  paper  is  usually  kept     Being  duly  deposited  in  their  several  ■ 

receptacles,  all  three  can  be  seen  through  the  double  glass,  and,  &8  I 

the  opening  of  the  lids  for  time-taking  is  rendered  unnecessary,  I 

Bndden  fluctuations  of  temperature  are  thereby  avoided.  I 

The  only  occasion  upon  which  the  case  requires  to  be  touched  I 

is  in  the  morning,  to  wind  and  compare,  which  should  be  done  ] 

th  closed  doors.  I 

In  some  firat-daas  vessels,  to  protect  the  plate-glaas  top  from  I 

the  possibility  of  accidents,  a  substantial  outer  mahogany  case  ia  I 

fitted  over  all.  If  this  wise  precaution  be  taken,  the  reader  will 
understand  that  the  chronometers  are  then  in  three  distinct  cases 

—first,  their  own,  with  upper  portion  of  the  double  top  removed ; 
ibe  second,  with  stuffed  compartments  and  glass  top ;  and  the 
third,  a  strong  outer  shell  entirely  of  hard  wood.  The  ateamshipa 
of   tlie  Pacific  Steam  Navigation  Co.,  for  example,  have    their  J 

time-keepers  cared  for  in  this  way,  and  it  ia  a  plan  well  worthy  I 

of  being  generally  adopted.  1 

To  those  not  accustomed  to  this  arrangement,  it  may  be  con- 

'iddered  cumbersome,  and  likely  to  occupy  more  space  than  can 
;ually  be  afforded  ;  but  auch  is  not  really  the  fact,  and  too  much 
pains  cannot  be  taken  to  guard  these  valuable  instruments  from  i 

draughta,  d/imp,  and  dust      In  port,   the  chronotneters  having  I 

first  been  removed,  the  inner  case  should  be  well  dried  in  the  ' 

Bun,  and  means  taken  to  prevent  cockroaches  from  making  it  their 

flome— rent  free.     A  little  camphor  will  do  thi.^i. 

'     Experience  has  fully  demonstrated  that  any  sudden  alteration  ciuuw*  of 
in  the  rate  of  a  chronometer,  which  is  otherwise  fairly  treated,  is  paUy  duo  to 
more  due  to  cltanye  of  teinperature  than  any  other  cause.     The  M^^rMnrs, 
great  aim,  therefore,  of  chronometer  makers  is  so  to  adjuat  the 
relationship  of  the  several  paiis  of   the  balance,  that  their  ex- 
pansion and  contraction  may  counteract  the  change  of  elasticity 
in  the  hairspring  caused  by  change  of  temperature.     Nevertheless, 
there  are  very  few  instruments  so  perfectly  compenaated,  that 
they  may  be  depended  upon  to  preserve  exactly  the  same  rate, 
■with  a  change  of  even  10°  of  temperature.     How,  then,  can  it  be 
expected  that  a  chronometer  will  continue  its  "shop  rate"  on  a  nnreuab 
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voyage  exteiidiug  over,  say  four  inotitha,  (luring  which  the  t 
perature  has  ranged  between  40°  and  85"  Fahrenheit  ? 

Mr.  Arthur  K  Nevins,  in  a  paper  read  bofon-  the  Literary  ■ 
Philosophical  Society  of  Liverpool,  says  :— 

"  At  present,  chronometer  makers  allow  do  corrections  npon  t 
rate  given  for  changes  of  temperature — and  the  universal  ptae 
at  sea  is  to  allow  one  rate  for  the  voyage,  whatever  the  i 
perature   may   he — apparently    under    the   impression   that   . 
acknowledgment  that  such  a  correction  is  necessary,  would  1 
equivalent  to  acknowledging  that  the  instrument  was  a  defectiM 
oiib     The  present  method  of  compensating  a  marine  chronomet 
is  not  absolutely  perfect,  but  still  leaves  the  rate  of  the  y 
subject  to  variations,  owing  to  changes  of  temperature ;  and  it  I 
the  iufiuite  variety  in  amount  and  direction  of  thes 
of  rate  in  different  watches,  which   causes  the  instrumeuta  < 
board  a  ship  to  differ  from   each   other   in   the   way   they  I 
frequently  do. 

"Every  good  watch  is,  however,  always  affected  in  (he  i 
way,  and  to  the  same  amount,  every  time  that  it  is  exposed  \ 
the  same  tejoper^ture,  anil  the  changes  in  watches  follow  a  fin 
law;  and  knowing,  from  observation,  how  they  perform  in  c 
temperatures,  it  i«  possible  to  calculate  in  what  way  they  i 
perform  in  any  other  temperature  to  which  they  may  bo  expi 
This  law  was  discovered  by  Mr.  Hartnup.  the  Astronomer  to  i 
Mersey  Docks  and  Harbour  Boar<l,  as  the  result  of  testing  i 
wards  of  two  thou^daud  watcher  which  passed  through  his  h 
at  the  Liverpool  Observatory — having  been  sent  there  by  \ 
makers  to  be  test^nl  and  supplied  with  accurate  rat«a. 
"Mr.  Hartnnp's  laws  are  the  following: — 
m  Emy  obronoineler  goes  faatest  {%.*.,  gaiiw  moat  or  kes*  tenrt)  ia  ■ 
oertaiD  terapemtare,  which  luu  to  be  caloaUted  Tot  a  ' 
fTMn  the  ratei  that  it  makea  in  thrve  fixed  tempeiatima ;  the  \ 
peratUKB  used  at  thn  Bidaton  ObserrjitarT  for  teating  watdiM  li 
»*,  TO*,  uid  88°  Fahrenheit 
Snd.  As  Ihe  1«m|iemtarn  varies,  either  increaaing  or  decTeuini;  from  t 
in  whidi  the  waldi  goes  faatesl,  the  watdi  ipwa  slower ;  and  tU  fl 
Tariea  id  the  ratio  of  the  n|uare  of  Ui«  lUatanoe  in  decrees  oT  tem^ 
from  tta  maximum  gaining  teiniierature.     For  example— if  a  watch  | 
laatest  In  tcm perature  Ta°,  it  will  go  slower  aa  the  teraperatnre  (dtlj 
liflM  above  or  falls  below  75' ;  and  It  will  go  slower  bjr  the  aal 
amount  in  any  two  leminnatuiea  tbat  are  the  aame  distance  fron  T 
one  being  above  and  the  utlier  below,  aa  in  05'  anil  ^"—oan 
10*  below  and  the  otlier  10°  above  Tr>*. 
"Tile    importance    of    a    knowledge    of    these    facts    in 


cliroiiometera  is  eaaily  seen."  Supposing  a  ship  bound  to  the 
southward  has  three  chrouometers,  A ,  B,  and  O,  and  they  arc  all 
sent  to  the  same  chronometer  maker  to  be  rated.  He  gives  the 
rate  which  these  chronometers  have  kept  while  in  his  shop  at  a 
mean  temperature  of,  say  60'.  We  will  further  suppose  that  A  OhronomotoTB 
goes  fastest  in  60°,  B  in  71'",  and  C  in  80".  As  the  ship  gets  into  muieaiaiiig, 
warmer  weather  in  approaching  the  tropica,  until  she  gets  into  a 
temperature  of  80°  or  uiofe,  A  gradually  goes  slower  and  slower 
all  the  time ;  B  goes  faster  untd  the  temperature  rises  to  70°,  and 
then  commences  to  lose,  going  slower  and  slower  as  the  tempera- 
ture inci-easea  more  and  more;  and  0  goes  faster  all  the  time 
until  it  reaches  80°,  which  is  about  as  high  a  steady  temperature 
as  will  be  attained  for  any  length  of  time  out  at  sea. 

"  Now,  for  these  three  chronometers  to  agree  in  showing  the 
same  lon^tude,  it  would  be  necessary  for  them  all  to  keep 
Bteadily  to  the  rates  given  them  in  England,  or  wherever  they 
have  been  rated ;  but  if  they  do  not  keep  to  the.se  rates,  the  longi- 
tudes indicated  by  them  will  differ  continually,  and,  by  so  doing, 
cause  uncertainty  and  anxiety  to  the  person  using  them, 

"There  is  another  case  which  may  also  occur,  and  which  is  really 
more  important  than  the  one  above  mentioned  It  may  happen, 
especially  if  all  the  chronometers  on  hoard  are  by  the  same  maker, 
tliat  they  all  go  fastest  in  about  the  same  temperature.  Now, 
supposing  that  all  these  went  fastest  in,  say  80°,  and  as  in  tlie 
above  mentioned  instance  the  rates  of  ail  of  them  were  obtained 
in  about  60'  by  the  maker,  they  would  all  go  steadily  faster  than 
the  Tat«3  given  as  the  weather  got  warmer,  and  would  therefore 
all  continue  to  indicate  nearly,  or  exactly,  corresponding  longi- 
tudes, and  these  longitudes  would  all  be  wrong;  hut  in  this  case 
the  person  uung  them  would  feel  confidence  in  his  position,  and 
perhaps  come  to  barm  unexpectedly." 

Sir  William  Thomson,  in  his  "  Lecture  on  Navigation,"  pub- 

ihed  by  William  Collins,  Sons  &i  Co.,  London  and  Glasgow,  gives  f*"***"^^' 

e  following  example,  illustrative  of  the  great  value  of  Hartnuji's  ratw. 

A  oertnin  clironometer,  J.  Bassnett  Si  Son,  No.  713,  after  being 

il  by  Mr.  Hartnup,  was  put  on  board  tlie  ship  ■  Teuasserim,"  in 

'erpooi,  Uecombcr   1873,  for  a  voyage  to  Calcutta.     .... 

ship  sailed  from  Liverpool  on  the  2l8t  of  Jaimaty,  187't,  and 
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on  her  voyage  the  chronometer  was  subjected  to  variations  of 
temperature,  ranging  from  50'  to  90".  The  chronometer  w«a 
tested  by  the  Calcutta  time-gun  on  tlie  2Cth  of  May.  The  iiiue 
reckoned  by  it,  with  correction  for  temperature  on  Uartnup's  plan> 
was  found  wrong  by  8J  seconds.  Another  chronometer,  similarly 
corrected  by  Ur.  Hartnup's  method,  and  from  his  rating,  gave  an 
error  of  only  3J  seconds.  ....  The  reckonings  of  Greenwich 
time  from  the  two  chronometers,  according  to  the  ordinary 
method,  differed  actually  by  4  minutes  35  seconds,  corresponding 
to  663  geographical  miles*  of  error  for  the  ship's  place." 

Apart  from  considerations  of  temperature,  most  new  chrono- 
meters, however  good,  have  a  tendency  to  gain  gradually  on  their 
rate ;  that  is  to  say,  if  the  mean  gaining  rate  for  two  months  be 
five-tentlia  of  a  second  per  day,  it  will  probably  be  seven-tenths 
or  upwards  in  the  next  two  mouths,  and  so  on.  The  cause  of  this 
is  involved  in  some  mystery.  It  is  supposed  to  be  due  to  some 
molecular  change  in  the  material  of  the  spring,  which  appears  at 
first  to  strengthen  it  It  is  also  probably  produced  by  a  thick- 
ening of  the  lubricating  oil,  which  tends  to  diminish  the  amplitude 
of  vibration  of  the  balance,  and  thus  cause  an  acceleration  of  thf> 
rate.  A  good  chronometer,  after  its  newness  has  worn  off,  will 
settle  down  to  a  steady  rate,  depending  upon  temperature. 

For  the  convenience  of  the  navigator,  rules  have  been  formulated 
and  tables  compiled  in  connection  with  this  subject  of  rating  t 
temperature.  The  author  baa  availed  himself  of  Mr.  Hartnari 
kind  permission  to  insert  them  in  the  Appendix. 

When  it  is  intended  to  take  account  of  change  of  rata  frfl 
changes  of  temperature,  a  maximum  and  minimum  ihermom 
should  bo  kept  in  the  chronometer  ca.**,  and  the  reading  of  \ 
indices  taken  daily,  and  recorded  in  the  chronometer  journal  i 
the  time  of  comparing. 

In  winding  chronometers,  care  should  be  exerdsed  to  perfM 
the  operation  aUwiily,  without  any  jerky  action  which  i 
cnilaiiger  the  chfun.  Most  two-day  watches  require  swan  and  ] 
half  turns  of  the  key,  thv  motion  is  always  left-handed,  and  I 
last  turn  should  be  mode  slowly,  but  steadily,  and  continued  iinl 
ih^meduinitm,  U/tlt  to  butt,  or,  in  other  words,  the  chronomet 
should  always  be  wound  as  far  as  it  will  go.  A  catch,  acting  I 
the  proper  moment,  prevents  andue  stress  being  put  upon  I 
chain. 

Cases  have  occurred  where,  through  fear  of  causing  ii\)ury,  i 
*  II  ntkoB^  OB  Uw  equalor.— lady. 
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lofficer  having  charge  of  the  chronometers  has  neg1ecte<:l  to  take 

I  Ihe  full  number  of  turns,  and  the  consequence  has  been  that,  after 

I  time,  the  chronometer  has  run  down  just  before  the  usual  time 

[of  winding.     The  winding  index  on  the  face  should  prevent  such 

ft  mishap,  nevertheless  it  has  occurred. 

A  chronometer  has  to  be  turned  "  face  down  "  to  wind,  and  it 
must  be  eased  back  handsomt'ly  when  the  operation  is  completed, 
and  not  allowed  to  swing  back  with  a  jerk.  This  tlaily  reversing 
of  the  watch  is  said  to  be  a  good  thing,  as  it  distributes  the  oU  in 
the  bearings. 

Farthermore,  chronometers  should  be  wound  punctually  at  the 
aoTiie  hour  every  day,  otherwise  an  unused  part  o£  the  main.spr!ng 
cornea  into  action,  which,  if  badly  adjusted,  is  almost  certain 
to  produce  an  irregularity  in  the  rate.  For  a  similar  reason  it 
has  been  found  that  eight-day  chronometers  do  not  preserve  Eignt-uay 
altogether  the  same  rate  throughout  the  entire  week  ;  that  is  to  Two-day 
say,  that  (though  other  conditions  may  be  the  same)  their  daily  ow**"" 

rate  towards  the  end  o£  the  week  will  not  agree  with  their  daily 
rate  at  the  commencement  of  it;  notwithstanding  which,  the 
•mean  rates  of  two  consecutive  weeks  may  agree  exactly.  On 
account  also  of  the  lightness  of  the  balance,  eight-day  chrono- 
meters do  not  go  so  well  on  board  steamers  which  suffer  much 
vibration  from  their  machinery. 

If  a  chronometer  should  run  down  through  neglect  or  other  wimi  nm 
catise,  on  being  wound  up  again  it  will  probably  not  start  till  it  m  do.' 
haa  been  quickly,  hut  not  violently,  slued  half  round  and  back 
again.    This  is  easily  done  by  placing  the  instrument  on  the  table 
and  turning  it  horizontally  between  the  hands. 

When  a  chronometer  has  run  down,  do  not  immediately  wind 
it  up  and  move  tbe  hands  to  the  proper  time,  but  wait  till  the 
Greenwich  Mean  Yime  by  some  other  chronometer  corresponds 
nearly  with  what  thd  hands  of  the  stopped  one  point  to,  then  wind 
it  up,  and  start  it  at  the  right  instant.  If  this  is  neatly  done,  it 
is  poMible  to  set  it  going  witiiin  a  second  or  two  of  G.M.T, 

Altering  the  hands  of  a  chronometer  does  not  necessarily  hurt 
the  instrument,  but  it  is  not  advisable  for  any  bnt  a  skilled  person 
to  do  it ;  nor  does  it  inevitably  follow  that,  because  a  chronometer 
haa  been  allowed  to  run  down  for  a  few  hours,  its  rate  will  alter. 
The  writer's  experience  ot  half  a  dozen  instances  goes  to  show  ^ 
Uut  it  will  remain  much  as  before. 

in  such  a  delicate  piece  of  mechanism,  small  and  totally  un- 
■  louked  for  causes  will  sometimes  operate  to  derange  the  rate  very 
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conmderubly ;  for  example,  too  much  siile-play  in  the  gimbals  i 
Lave  this  effect,      A  chronometer   loosely   hung  may   go  i 
beautiful  regularity  in  port,  and  astonish  ita  owner  by  its  i 
performance  at  sea;  therefore,  when  the  vessel  is  rolling  coosidei 
ably,  the  chronometers  should  be  watched  to  see  that  they  do  n 
go  over  in  the  gimbals  with  ajerk;  if  they  do,  the  gimbals  mm 
be  tightened  up  until  the  jerk  is  uo  longer  perceptible.      On  t 
other  hand,  do  not  jam  the  free  movemeut  of  the  instrument, 
little  play  is  almost  as  bad  as  too  much. 

The  writer  on  one  occa.iiiou  found  his  favourite  time-keeper  vea 
wild  in  its  rate,  and  for  a  long  time  he  was  at  a  loss  to  account  U 
it.  However,  one  day,  when  the  vessel  was  going  along  in  a  hestl 
beam  sea,  he  noticed  the  lateral  play  iit  tht.-  gimbals,  and  at  otM 
concluded  that  therein  lay  the  cause  of  the  trouble,  which  prove 
to  be  the  case.  When  this  was  remedied  (a  very  simple  ii 
for  a  man  whose  fingers  are  not  all  thumbs),  the  chronomet 
resumed  its  former  good  behaviour. 

On  another  occasion,  whilst  loa<ling  in  the  tient  at  Pemambu( 
the  master  of  an  iron  bari]ue,  lying  alongside,  aski^l  the  writer  \ 
st«p  on  board,  and  look  at  a  chroaometur  which  he  complained  q 
as  going  in  a  most  erratic  manner  ever  since  Uie  vessel's  arrival  if 
port.     After  due  examination  of  the  works  with  the  ma^ifyinf 
glass  out  of    the  sextant  case,  nothing  could  be  discovered  f 
account  for  the  vagaries  of  the  instrument      It  was  only  wbM 
leaving  the  cabin  tliat  it  occurred  to  tlie  writer  to  ask  what  wd 
in  the  square  wooden  box  lying  close  against  the  chronomut 
eomplained  ol     The  cat  was  let  out  of  the  bag  when  the  uia 
of  tJie  barque   innocently  explained  that  it  was  his  Staudj 
compass,  which  he  hod  unsliipped  and  placed  below  for  ^ 
security  whilst  in  port     The  powerful  conipa«8  needles  had  i 
ioduction  magnetized  the  steel  portion  of  the  balance,  and  r 
the  going  of  the  chronometer. 

For  »>iniilar  reasons  great  care  should  be  taken  cot  to  stow  tl 
chrimomcters  either  close  against  an  iron  bulkhead,  on  iron  shipll 
mJo,  the  upper  or  lower  end  of  a  vertical  iron  !«tBnchion.  or  witU 
8  fe«t  of  compnas  eompcnnating  magnets.    Nor  should  tlie  clironi 
meter  eaae  be  screwed  down  to  a  table  containing  drawers  whid 
•mvjUt  bo  used  to  hold  spare  compass  cards,  or  even,  in  cxceptioni 
cases,  a  horse-slioe  magnet     Such  things  are  oft«n  done   ' 
wittingly,  and  the  ill-WKsl  chronomntttr  condemned  aa  a  worth! 
instrument,  when   in  fact   the   blume  rtated  tntinly  tititk 
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Beware  also  of  compass  and  chronometer   makers  who  mis  I 

these  iijstrnmentfi  together  in  their  shops  as  if  they  were  so  many  I 

pot6  and  pans.  I 

In  many  steamers  the  chart-room  or  captain's  cabin  is  immedi-  I 

aU'ly  abaft  the  fore  wheelhouse,  with  which  it  communicates  by  I 

a  door  or  window.    Should  the  chronometers  liappen  to  be  stowed  I 

on  a  shelf  or  in  a  case  on  the  /o)"e  aide  of  this  chart-room,  they  I 

will  probably  be  too  near  to  the  adjusting  magnets  of  the  wheel-  I 

house  compass.  I 

As  already  stated,  the  mere  fact  of  a  bulkhead  separating  them  I 
won't  stop  the  mischief  in  the  slightest  degree. 

Again,  in  many  poop-decked  steamers  the  Captain's  cabin  is  Avoid  biddu  I 

at  the  fore-end  of  the  poop,  with  windows  looking  out  on  the  ^"^  I 

main  deck,  and  most  likely  the  Chief  Officer  occupies  a  similarly  I 

situated  one  on  the  opposite  side.    Now,  it  very  often  happens  in  J 

Bteamers  of  the  class  alluded  to,  that  to  resist  the  effects  of  the  ■ 

aea,  the  transverse  bulkhead  forming  the  fore-end  of  the  poop  is  I 

constructed  of  iron,  and  sheatlied  with  wood,  to  give  it  a  finish.  I 

Of  course  it  is  lined  inside  also,  and  so  the  cuptaiu,  unconscious  of  I 

tlie  mischief  likely  to  ensue,  may  stow  his  clironometer  close  up  I 

against  the  concealed  iron.  I 

Chronometers  should  be  kept  away  from  iron  almost  as  reli-  1 

giously  as  compasses.  I 

In  modern  vessels,  where  iron  is  fast  superseding  wood  in  cabin  M 

as  well  as  in  deck  Bttings,  it  is  sometimes  exceedingly  difficult  to  ■ 

select  a  really  good  place  for  the  time-koopcrs.     Very  often  it  is  I 

"  Hobson's  choice ;"  nevertheless  these  matters  should  receive  full  ■ 

I  consideration,  if  the  vesnel  is  to  go  aafdy.     From  the  foregoing  I 

I  causes  alone,  the  "Shore-rate"  and  the  "Sea-rate"  will  seldom  I 

agree.     It  is  advisable,  tlierefore,  that  when  practicable,  ehrono-  I 

meters  should  be  rated  on  board,  in  the  positions  they  are  intended  I 

to  occupy  during  the  voyage.     As  before  remarked,  there  are  V 

many  facilities,  such  as  time-guns  and  time-balls,  fur  effecting  it  1 

Chronometers,  when   received  on  board   previous   to   sailing,  ' 
should  be  compared  with  each  other,  and  the  respective  errors  comp^rJoa'   ' 
and  rates  applied  to  each,  to  note  if  they  agree  in  their  Greenwich  ^JjJJ^J"  " 
Mean  Time.     This  may  seem  a  very  needless  precaution,  but  the 

propriety  of  it  has  twice  been  made  apparent  to  the  writer ;  and  J 

what  has  occurred  to  one  may  happen  to  others  also.  I 

Suppose  that  this  matter  of  comparing  be  neglected,  and  that  I 

there  should  be  only  two  chronometers  on  board ;  suppose  further,  ■ 

^H  thut  a  wrong  original  error  has  been  given  with  one  of  them  (say,  I 


I 


to  the  extent  of  one  minute),  and  tliat  the  vessel  proceeds  to  » 
with  dirty  weather,  and  perhaps  is  several  days  out  before  gettii 
sightB  ;  then,  when  the  cotnparison  is  made,  the  navigator  findsi 
hia  dismay  that  his  chronometers  ditfer  from  each  other  to  t! 
extent  of  a  quarter  of  a  degree  of  longtitudc.  Tlie  Dead  Reckoi 
ing  cannot  help  him — indeed,  if  it  were  depended  upon,  it  migl 
just  doable  the  error.  The  only  thing  left  to  be  done  ia  I 
make  some  well-known  point  of  land  as  soon  as  possible,  tali 
careful  sights,  and  tind  out  which  chronometer  is  at  fault. 

If  you  inlend  passing  close  to  an  Island  for  this  purpose,  do  W 
go  on  the  side  which  will  bring  the  land  between  you  and  tl 
Mun,  or  where  will  your  horizon  bef  Always  think  beforehand  i 
the  necessities  of  the  case. 

As  few  merchant  vessels  carry  more  than  three  chronom«tei 
that  number  will  be  adopted  in  treating  of  the  proper  mode  i 
makiiig  the  daily  comparisons.  For  brevity,  the  several  instn 
raents  should  be  known  by  lettei-s,  instead  of  the  maker's  numbei 
The  letter  should  be  marked  on  a  small  slip  of  paper,  and  gumnK 
conspicuously  on  the  outside  of  chronometer  case.  For  exampl 
when  standing  facing  them,  the  left-hand  chronometer  might  1 
called  A,  the  middle  one  B,  and  the  right-hand  one  C, — everythin 
when  possible,  being  taken  in  its  'Jtatut'ol  order  or  sequence. 

An  excellent  form  of   chronometer  journal  is  appended,  an 
reference  to  it  will  shew  that  three  chronometers  enable  thn 
different  comparisons  to  be  made — the  last  being  a  check  mw 
the  others ;  for  example,  A  is  con)pared  with  B ;  B  with  0 ;  an 
A  with  0.     These  conipai isons should  not  be  made  simultaneouat] 
by  three  different  ohaeivers,  wliich  is  the  common  method 
boai-d  ship;   aa  it  is  imposaibte  by  it  to  attnin  the  m 
accuracy.     All  the  comparisons  must  be  ma-ie  by  one  iiidividu 
and  a  fortnight's  piactice,  or  at  most  a  months,  will  enable  him 
«ffoct  this  to  Uie  tenUi  of  a  second.     Whon  we  consider  how 
a  portion  of  time  is  represented  by  such  a  minute  division,  U 
not  improbable  that  some  may  feel  incredulous  as  to  the 

cabitity  of  estimating  it  corroctly.     But  after  the  prdii 

drill  with  the  method  about  to  be  indicated,  the  doabteta  will  I 
able  to  assure  themselves  that  not  only  is  it  not  impoamble.  bi 
that  with  care  it  la  sutHcieiitly  easy. 

In  all  observatories  on  sl.c.rL>.  the  astronomer  and  his  usiatMi 
are  in  the  c^natant  habit  of  splitting  '■tenilis"  with  wooderf< 
precision,  and  it  may  interest  the  reader  to  know  that  there  w 
inecluuiical  contri^-aa*>;a  for  dividing  a  second  of  time  rven  into 
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one  thousand  parts.  As  these  do  not  enter  into  the  practice  of 
navigation,  a  description  of  them  in  these  pages  would  be  out  of 
place. 

To  compare  accurately,  the  operator,  being  quite  alone,  should  How  to 
close  both  windows  and  doors,  so  as  to  exclude  noise.     Having  precision, 
opened  the  outer  cases,  he  should  make  ready  with  book  and 
pencil  for  the  first  comparison,  by  opening  the  inner  case  of  A, 
which  will  allow  its  ticking  to  be  distinctly  heard,  whilst  B  is 
regarded  through  its  gl&ss  lid. 

It  will  be  perceived  by  the  reader  that  the  operation  is  per- 
formed by  the  delicate  relationship  or  sympathy  existing  between 
the  eye  and  ear.    A  will  be  heard,  and  B  will  be  seen. 

Now,  look  steadily  at  A,  and  mentally  count  with  it,  assisting 
by  a  quick  motion  of  the  hand  corresponding  to  every  half -second 
beat  Having  got  well  into  the  swing  or  rhythm  of  the  beats,  and 
decided  to  *'stop,"  say,  at  60s  (the  even  minute);  remove  the  eye 
to  B  when  ^'s  second-hand  has  got  to  52s.  or  53s.,  keeping  the 
sound  of  each  half -beat  still  in  your  ears,  and  the  hand  going  with 
it  When  you  have  arrived  by  sound  at  60s.  (your  chosen 
"  stopping "  point)  the  eye  will  enable  you  to  decide  upon  the 
number  of  seconds  and  parts  of  a  second  shewn  by  B. 

The  other  two  comparisons  will  be  made  in  a  precisely  similar 
manner.  Of  course  in  actual  practice  you  note  down  beforehand 
the  hour  and  even  minute,  by  the  open  chronometer,  at  which  you 
intend  to  "  stop,"  or  compare  with  the  closed  one ;  also,  note  the 
hour  of  the  latter,  and  when  proficient,  the  minute  can  also  be 
noted,  leaving  only  the  seconds  and  tenths  for  the  comparison. 

The  beginner,  after  a  few  trials  by  himself,  will  soon  drop  into 
the  way  of  comparing  with  accuracy,  and  will  congratulate 
himself  upon  being  independent  of  outside  aid,  whenever  he  may 
wish  to  do  so. 

Having  in  this  manner  compared  all  three  chronometers,  A 
with  B,  B  with  C,  and  A  with  0,  accuracy  of  the  result  can, 
in  a  measure,  be  tested  by  comparing  the  interval  between  A 
and  0,  with  the  sum  or  difference,  as  the  case  may  be,  of  the 
other  two  intervals,  for  example — {vide  Form  of  Chronometer 
Journal)  on  ®  May  18th  we  have 
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Here  ISm.  aO'Gs.  aJded  to  Om.  54-69.  gives  lOrn.  1523.,  equal  to 
the  iuterval  between  A  and  G,  from  which  it  may  be  assumed 
the  comparisons  have  been  accurately  made,  although,  strictly 
speaking,  such  is  by  no  means  a  certainty. 

Chauvenet,  in  his  valuable  work  on  Spherical  and  Practical 
Astronomy,  says — 

"  When  two  chronometers  are  compared  which  keep  the  same  n^""*"?. 
kind  of  time,  and  both  of  which  beathalf-secoada,  it  will  mostly 
happen  that  the  beats  of  the  two  instruments  are  not  synchronous, 
but  one  will  fall  after  the  other  by  a  certain  fraction  of  a  beat, 
which  will  be  pretty  nearly  constant,  and  must  be  estimated  by 
the  ear.  This  estimate  may  be  made  within  half  a  beat,  or  a 
quarter  of  a  second,  without  difficulty;  but  it  requires  much 
practice  bo  estimate  the  fraction  n-ithin  O'Is.  with  certainty.  But 
if  a  mean  time  or  Solar  clironometcr  is  compared  with  a  Sidereal  £3^^* 
chronometer,  their  difference  may  be  obtained  with  ease  within 
tmt-iwentieth  of  a  second.  Since  Is.  sidereal  time  is  less  than  Is. 
mean  time,  the  beats  of  the  Sidereal  chronometer  will  not  remain 
at  a  constant  fraction  behind  those  of  the  Solar  chronometer,  but 
will  gradually  gain  on  them,  so  that  at  certain  times  thoy  will 
be  coincident. 

Now,  if  the  comparison  be  made  at  the  time  this  coincidence 
occurs,  there  will  be  no  fraction  for  the  ear  to  estimate,  and  the 
difference  of  the  two  instruments  ai  this  time  will  be  obtained 
exactly.  The  only  error  will  be  that  which  arises  from  ju'lging 
the  beats  to  be  iu  coincidence  when  they  are  really  separate  by  a 
small  fraction,  and  it  is  found  that  the  ear  will  easily  distinguish 
the  beats  aa  not  synchronous  so  long  as  they  differ  by  as  much  aa 
O'Oos.  (half- a- tenth);  consequently,  the  comparison  is  accurately 
obtained  within  that  quantity.  Indeed  \^'ith  practice  it  is  obtained 
within  OOSa  or  even  0'02s.  Now,  since  Is.  sidereal  time=0"997273. 
mean  time,  the  Sidereal  chronometer  gains  0'00273s.  on  the  Solar 
chronometer  in  la.;  and  therefore  it  gains  05s.  in  ISSs.,  or  very 
nearly  3m.;  hence,  once  every  three  minutes  the  two  chronometers 
will  bent  together.  When  this  is  about  to  occur,  the  observer 
V'gins  to  count  the  seconds  of  one  chronometer,  while  he  diresits 
bis  eye  to  the  other ;  when  he  no  longer  perceives  any  difference 
in  the  beats,  he  notes  the  corresponding  half-seconds  of  the  two 
instruments." 

It  follows  that  when  two  Solar  chronometers  are  to  be  com- 
pared, it  will  in  general  be  most  accurately  done  by  comparing 
each  with  a  Sidereal  chronometer  by  coincident  beats,  and  after- 
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wards  reducing  the  comparisons.    It  is  not  likt^Iy  that  the  ordinal 
navigator  will  possess  a  Sidereal  chroriomelt-r,  but  the  method  i 
introduced  here  as  likely  to  prove  interesting,  and  to  shew  wbak^ 
can  be  done. 

It  has  been  already  statecl  that  chronometers  should  be  compared  J 
dwiy,  and  with  methodical  regularity,  and  the  proper  entries  c 
in  a  book  known  as  the  Chronometer  Journal.*     The  writer  hai 
for  many  years  used  the  form  given  at  pagt?  30,  and  it  is  so  self  a 
planatory  that  very  little  more  is  requisite.    The  "2nd  differenee**] 
in  merely  the  difli-rencc  I>etween  the  quautities  for  any  two  c 
secutive  days  in  the  column  headed  "iat  ditfereuie."    Thus,  intl 
compariaon  of  J  with  B,  on  May  18th  the  "Ist  difference"  is  ISi 
20-63,  and  OQ  May  lUth  is  IHm.  26'4a. ;  the  dilTercnce  betwM 
these  two  is  iSs.,  and,  a.s  tlic  one  chronometer  is  ffiiiniwi  and  I 
other  lusimj,  it  ought  to  be  equal  to  the  sum  of  their  daily  rate 
As  ^'a  rate  is  +  ICa,  and  iCs  —  31s,,  the  sum  4-7s.  showa  a  d 
similarity  of  only  one-tenth  of  a  second 

In  the  case  of  the  "  Sud  difference  "  of  B  and  C  =  1-Is.,  as  h 
these  chronometers  are  loaintj,  it  ought  to  be  equal  to  tho  lii^t^ 
enc«  of  their  daily  rates,  which  happens  exactly  to  be  the  case. 

Of  course,  if  two  chronometers  were  buth  gaining,  the  "  2oi 
difference"  would  in  like  manner  bo  equal  to  the  difference  ( 
tlietr  daily  rates.  But  when  their  rates  arc  going  in  ( 
directions,  ihc  amount  in  the  "  2nd  difference"  column  ought  I 
be  &\n»\  to  their  sum. 

By  scrutinizing  the  journal  day  by  day,  a  fair  judgment  niftM 
be  formed  of  how  the  chronometers  aro  behaving.     In  the  ev< 
of  the  "  2nd  diffeience"  not  agreeing  with  tho  daily  rates,  a  a 
analysis  of  the  comparisons  and  record  of  temperatures,  couiUnaJ 
with  a  consideration  of  the  respective  merits  of  the  instrumenti 
may  enable  one  to  form  a  pretty  juat  estimate  of  the  valua  a 
dirt'ction  of  the  change.     For  instance,  if  .-1  does  not  agree  witlifl 
B,  nor  yet  witli  C,  but  if  B  and  G  run  well  together,  the  inferenol 
that  A  haa  gone  wrong  would  be  a  reasonable  one,  especially  ifg 
A  happened  to  lie  an  old  offender.     In  any  case  the  navigator  mm 
put  upon  his  guard,  which  is  always  somelhing. 

At  the  Bidstou  Obser^-atory,  near  Liverpool,  any  master  suliD 


*  It  »  nut  uno immiiii  to  *m  Um  gmr  af  ■  uliniDaiDcUir  tnarkeil  opixalta  cad)  lUy, 
on  tb*  dulvin  at  lbs  y.m^  (ur  tba  &ii  atb,  in  Iba  NkBtiCkl  Aluuiue.     Ttiit,  io  tha 
■BtlButlun  III  •am*  {wuple,  m»y  bo  "  hunlf,"  uul  in  a  mum  it  u  w  ;  but  on  n  luug 
*U7»|[*  >  properly  k*|rt  "  Juornk]  "  wuuld  liwk  Biif*  tliip-ibkp*  ttuX  buiini  Lk»,  qviM  ■ 
tfun  traB  lb«  qOMtlun  at  uUlttjp. 
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out  of  the  port  can  liavc  his  clironnnieter  rated  for  temperature,  Batiagror 
TTie  time  requisite  is  six  weeks,  and  on  leaving,  a  paper  acconi-  atBid»ton 
pauies  the  chronometer  shewing  its  performance  for  every  5'  of ''^•"**'"'-  ^ 
temperature  between  45°  and  95" ;  so  that  if  the  recommendation 
be  attended  to  concerning  the  advisability  of  keeping  a  masimum 
ftnd  minimum  thermometer  in  the  case  with  the  chronometers, 
and  tlie  rate  altered  to  suit  as  often  as  necessary,  the  navigator 
can  make  sure  of  hia  Greenwich  time  within  a  few  seconds,  after 
a  lapse  of  some  months.*     The  Observatory  temperature  rates 
can  be  copied  out  on  any  of  the  left-hand  pages  of  the  journal,  all 
iot  which  are  headed   "Remarks,"  and  ruled  in  faint  blue  lines. 

In  the  specimen  page  of  the  Journal  juHt  given,  it  will  be  noticed 
that  for  conciseness,  it  is  only  drawn  up  for  four  days;  but  in 
ordering  one  similar,  the  printer  should  be  instructed  to  make  the 
page  deep  enough  to  contain  a  week's  work  ;  also  to  leave  an  inch 
and  a-half  of  space  at  the  bottom  for  adding  up  and  getting  the 
tn<an  of  the  "second  differences"  and  temperatures,  so  as  to 
adjust  the  rates  in  accordance  with  their  indications. 

Whenever  the  errors  and  rates  have  been  ascertained  afresh  by 
observation,  the  proper  entries  corresponding  to  the  given  date 
should  be  made  in  ve<l  ink,  so  as  to  be  easily  found  for  reference.    Bad  ink 

The  winding  and  comparing  ought  to  be  invariably  done  by  one  '"    *"■ 
person.     In  large  Mnil  Steamship  Companies,  the  second  officer  is 
generally  constituted  the  "  Navigating  officer,"  and,  as  such,  has 
charge  cf  the  clironometerg.     It  is  his  duty  every  morning  to 
make   formal  report  to  the   commander  that   tliey  have   been 
attended  to.     It  would  he  easy  to  devise  a  plan  suitable  to  any 
particular  ship,  whereby  it  would  become  impossible  to  neglect 
ttiis  important  duty.     In  some  men-of-war,  the  ciew  cannot  be 
piped  to  tiieir  mid-day  meal  until  the  chronometers  have  beta 
reported.     In  a  merchant  vessel  it  is  usual  to  wind  them  in  the  vimun;  and 
morning.      But  whatever  the  time  fixed  upon,   there  should  be  a  compiring 
oeiioin  formality  observed,  which  could  not  be  omitted  without  waTig;aong 
anre  and  si)eedy  detection.-f-  Offloer. 

These  sensitii'e  instruments  cannot  receive  too  much  care,  for  it 
is  perfectly  wonderful  what  apparently  insignificant  causes  will 
sometimes  affect  theoL  Many  years  ago  the  writer  owned  two 
very  valuable  chronometers,  which  he  higldy  prized,  as  their 
performance  had  been  most  satisl'actory.      On  a  passage  home 

t   A  unl,  with  the  wardi  "  V  ii>d  ChT»D»niMtn  "  pricUil  or  written  dd  it,  mijjht  ba 
e  |uJ  on  ibe  capUio'i  plate  by  tha  >tcw»rd  avcry  tnortiing  at  bnakfoat  liiDis. 
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from  the  River  Plate  tliey  botii  came  to  grief  quite  unexpectedly 
Comparisons  with  a  third  time-keeper,  kept  in  the  second  officA*! 
room,  and  observations  on  shore  at  St.  Vincent,  shewed  th&t  they 
had  taken  up  a  prodigious  loaing  rate,  which  grew  day  by  dajf 
until  on  arrival  at  Liverpool  it  amounted  to  20  anil  25 
Examination  by  the  maker  disclosed  the  annoying  fact,  that  UiA 
8|iriDg8  and  other  Kteel  portions  of  the  work^  were  thickly  pitted 
with  rust  Now,  the  Captain'rt  room  wns  situated  directly  over 
the  main  hold,  which  on  that  particular  passnge  happened  to  bfli 
stt'wed  full  of  salted  hides.  The  coat  of  the  mast,  which  came  up 
through  one  corner  of  the  cabin,  had  worked  adrift  on  the  sida 
which  was  hidden  from  view,  and  the  only  inference  to  be  drawn 
was,  that  the  salt  steam  from  the  hold  had  penetrated  to  the  md* 
chanism,  with  the  unfortunate  result  already  mentioned.  Though 
thorougldy  cleaned  and  "  re-sprung "  they  never  went  so  wi 
again. 

Jolting  in  a  railway  train,  or  a  conveyance  of  any  deecriptioi^ 
is  liable  to  alter  the  steady  going  of  a  chronometer.  The  quid 
1  jerk  of  a  boat  propelled  by  oars  is  still  more  likely  to  prove  in- 
jurious. If,  therefore,  a  chronometer  has  to  be  taken  from  one  plat 
to  another  in  a  pulling  boat,  it  should  be  hold  free  in  the  hand  \ 
the  leather  strap,  taking  care  to  avoid  a  circular  motion.  Wheik 
travelling  by  train  place  it  on  a  pile  of  overcoats  or  railway  rug% 
in  fluch  a  position  that  it  will  not  fall  The  principal  ca,as% 
however,  of  a  chronometer  altering  ita  rate  when  reasonable  care 
has  been  taken  of  it,  is  dian'je  of  temperature. 

In  ciinneclion  with  this  subject  of  rough  carriage,  the  reodar 
should  know  that  a  chronometer  is  es[K>sed  to  a  variety  of  miahapi 
which  are  very  little  understood  except  by  "  the  trade." — For 
example,  when  the  locking-«pring  of  the  escajK-ment  is  too  weiM, 
it  is  possible  for  two  teeth  nf  the  "  'scape-wheel "  (instead  of  onljr 
one)  to  pass  tlie  li>ckiiig-pallet  during  a  single  vibration  of 
the  balance.  This  is  culled  "tripping,"  and  it  is  evident  that  in 
this  way  a  chronometer  may  gain  several  seconds  in  a  very  shori 
si>ace  of  time,  to  the  complete  mystification  of  whoever  has  to 
do  with  it,  unless  he  happens  to  lie  posted  in  respect  of  tliia 
peculiarity. 

Tripping  may  occur  also  through  a  worn  "  'acape-wheel,"  the 
{lalJet-atone  being  badly  B«t,  or  the  several  parta  not  being 
relatively  in  good  adjustment. 

On  the  other  hand,  should  the  locking-Mpring  be  too  strong,  th« 
pallet  will  not  gel  bin-k  ^uHlciently  to  releooe  tho  "'acnpc-wheel.'' 


» 
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r»nd  tiiechronometer  willnotgoatall,  orif  itdoes  condescend  to  do 
so,  will  only  move  by  fits  and  starts.  Of  course  the  maker  would 
never  let  an  mstrument  leave  liis  hands  in  such  a  plight,  but  it 
is  mentioned  to  shew  the  refinement  of  skill  which  is  necessary  in 
the  manufacture  and  adjustment  of  such  delicate  mechanism. 

Again, — owing  to  the  axis  of  the  balance-wheel  being  but 
slender,  a  sudden  jerk  may  bend  it  or  break  the  extremely  fine 
pivot-points,  a  misfortune  which  at  once  puts  the  chronometer  "out 
of  action  "  till  the  damage  has  been  repaired. 

Before  removing  it  from  ita  outer  case  to  carry  it  anywhere,  seooBsity  for 
a  chronometer  should  be  stayed,  otherwise  the  instrument  is  apt  ^^^^  ,  _ 
to  capsize  m  the  gimbals,  and  when  the  inner  case  is  next  opened,  prertons  t 
to  astonish  the  individual  who  has  carried  it  by  his  finding  the  ""*""'■ 
XII  next  to  himself,  instead  of  facing  him  on  the  far  side  as  usual. 
Incredible  as  it  may  appear,  the  writer  knew  an  officer,  who,  to 
bia  consternation,  got  a  chronometer  into  this  very  same  fix,  and 
than  all,  neither  knew  how  it  happened,  nor  what  to  do  to 
get  it  back  into  ita  original  position. 

The  yioising  of  a  chronometer  in  the  gimbals  has  a  verj-  great  potringa 
influence  on  its  rate.  This  can  be  tested  on  uhore  by  staying  the 
chronometer  and  keeping  the  case  on  ita  side  for  three  or  four  days 
with  the  XII  up.  Next  try  it  with  the  III,  VI,  and  IX  up,  and 
it  will  be  found  that  the  rate  in  each  case  will  be  different  to 
what  it  waa  wiien  the  chronometer  had  a  horizontal  position. 
The  more  expensive  pocket  watches  are  adjusted  for  any  position, 
but  marine  chronometers  are  intended  always  to  be  kept  strictly 
horizontal,  with  the  face  up. 

Experience  has  proved  that  chronometers,  with  the  words 
'^Auxiliary  compensation  "  engraved  upon  their  face,  are  not  one  Anxniaij 

hit  better  than  those  fitted  with  the  ordinary  balance.  Without 
this  knowledge,  a  purchaser  of  one  of  these  instruments  might 
fancy  he  was  getting  something  "very  special." 

A  caution  will  do  no  harm  to  those  who,  because  an  instrument  oiunlnc 
is  going  pretty  well,  allow  many  years  to  piiss  without  having  it  rairoBonwtwi 
cleaned.  It  should  be  borne  in  mind  that  wear  and  tear  is  coti- 
atantly  going  on  ;  that  the  oil  thickens,  and  eventually  gets  dried 
up;  and  that  when  this  happens,  the  pivots  of  the  moving  parts 
moat  necessarily  grind  themselves  away,  and  work  differently  to 
what  ia  intended.  Never  allow  a  chronometer  to  run  longer  than 
fi)ur  years,  without  giving  it  an  overhauling  at  the  hands  of  a 
first-rate  workman.     But  if  it  is  a  new  instrument,  it  should  be 

iked  at  after  a  year  or  eighteen  months. 
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Be  eure  that  tlie  man  3011  give  it  to  is  a  ckriyiiometer-mDii.«ri 
and  Dot  a  u'atch  or  c^*ci-maker.  Tbe  latter  may  be  very  good  m 
suih,  and  yet  undeiatand  very  little  about  marine  chronnmeterB 
Moreover,  a  liirge  percentage  of  those  who  style  themselva 
cLronometer-matcra  are  only  chioiiometer-8e//era.  as  the  instra 
menta  are  purchased  by  titem  at  trade  price  from  the  wbulesftlfl 
manufacturers  If  you  know  wliere  to  look  for  it,  you  can  easil| 
find  the  manufacturei's  private  mark. 

In  concluding  this  chapter,  it  may  not  come  amiss  to  tboa 
desirous  of  purchasing  a  reliable  timekeeper  to  be  told  where  t 
Bowto  obtain  fiuj  if,  and  how  to  get  it.     Many  of  the  best  makers  send  instro- 
aMWn.  meiits  to  the  Oi-eenwich  and  Liverpool  Observatories  to  be  t 

At  both  these  institutions  their  performance  i»  subjected  lo  I 
rigorous  cross-exami nation,  and  a  careful  record  kept  of  theil 
behaviour  under  various  trying  circumstances,  and  extending  ovt 
several  months.  The  Greenwich  trial  is  exclusively  for  the  Boyi 
Navy;  but  atBidston  (Liverpool)  the  books  are  always  courtooual; 
open  for  the  inspection  of  those  desirous  of  purchasing,  &iid  eofl 
aequently,  it  should  be  an  easy  matter  to  select  a  good  iniitrumea 
from  the  many  before  you.  When  found,  go  at  once  to  the  maksi 
whoever  he  may  be  (even  though  his  name  should  not  be  Poole  o 
Dent),  and  drive  as  good  a  bar^jain  with  him  an  you  can.  D 
not  grudge  an  extra  pound  or  two;  you  will  save  it  in  aleep  a 
&  voyage. 

The  two  best  chronometers  the  writer  ever  had  the  good  fortuiM 
to  meet  with  were  obtained  by  him  in  this  manner  at  the  Liver 
pool  Observatory,  Bidaton  Hill.  They  were  selected  from  a  Urj 
number,  and  curiously  enough,  were  by  the  aaine  maker,  and  hi 
evnMeeuHvt  nunibcrs — a  thing  that  mi<jht  not  hup[)cn  again  in  OM 
hundred  years.* 

*  Than  !■  do  laiig«r  »  itock  uf  chmnuuicton  (•»  ule  at  Uidntou  Ulucrvaluiy;  b^ 
btfon  pnrehuing  in  Liverponl,  iC  ow  kiwkjri  ba  itipulaled  that  tbe  iiiitnuDeBt  At 
be  wat  Xn  Biilitoti  to  ba  tcatwl, — tlut  u  to  ux,  U  Uie  intend  In  u  purchawr  oeu  4ffs 
tbe  liuir.  fur  tXiUU|>U,  wUcu  a  tchcI  u  Ixiiie  built,  tbe  owner  knovn  tbU  •)»  « 
require  to  b«  (uruuhvii  vritb  cbroDuoietcrt.  If,  tben,  be  rsi^ueat*  bu  cbrnsonieli 
piaknr  to  •cm)  ■  Mrtain  number  to  Uie  Bwliton  Obiertatory  lur  trial,  the  neeaan 
cam  cao  be  Hleoted  when  tbe  taai\  U  reeJ;  lur  •«»,  auil  be  will  myiy  tile  iBnie  f 
vU^e  M  Um  Admiralt/  bav*.  tor  niau;  >Ean  tnat,  by  uii-enii  nS  Ibor  unnal  teat 
cbruaomtter*  at  llie  Grccniricb  <  IbHnatury.  It  by  no  mean*  (ollowi  Uiut,  becauM 
man  baa  made  a  ohraaunifller  wbicli  ba*  liren  [.urcbaiaJ  aa  a  jpkhI  din  I7  tb*  Ada 
ni%J,  all  «ubHi(uent  ^roBomrtera  made  bj  him  will  be  n/uaUf  pwd.  Fnm 
(latuliiatian  cf  tlia  pabliabwl  "*  Kittw  of  (  hr^iuunclcn  un  trial,  (nr  j— r-hti-T  bf  t 
Board  nf  Admirally.  at  tbe  U'jjil  Ubetrvaturj.  <jn«nwioh,"  it  wOl  ba  aBcn  tbM  t 
Bialicr  who  baa  a  cbmommt'r  fital  ur  nsund  un  lb*  liat  in  tba  order  of  Eaarit.  alia  ■ 
BBlns*""^}  ''■*  anuUur  war  tba  botlaai  iJ  the  ubib  lb>t.  Tliia  ibawa  tba  neoaal 
ul  tnUUi;  tbe  tbtoBUuatan  UwOuaUaa,  imapecUie  <if  Ibe  nama  •bicb  tbej  baar. 


CHAPTER  IV. 

THE    SEXTANT. 

The  Sextant,  of  all  astronomical  instruments,. is  most  especially 
adapted  to  the  purpose  of  the  navigator,  and  for  this  reason  it  is 
incumbent  upon  him  to  render  himself  in  every  way  familiar 
with  its  principle  and  make. 

The  multitude  are  sometimes  puzzled  to  know  why  a  sextant 
(derived  from  the  Latin  word  sextans,  signifying  the  sixth  of  a 
circle)  should  be  thus  named,  when  it  is  capable  of  measuring 
angles  up  to  120',  or  the  third  of  a  circle. 

If  the  possessor  of  one  will  but  look  at  the  arc,  he  will  find  out  Optsoal 
by  his  eye  alone  that,  as  a  matter  of  fact,  it  consists  only  of  the  JSSSS^ot. 
sixth  part  of  a  circla  The  optical  principle  upon  which  the 
instrument  is  founded  (that  of  double  reflection),  permits  of  half 
a  degree  of  the  arc  being  numbered  and  considered  as  a  whole 
degree.  Thus,  in  the  sextant,  what  is  really  only  an  arc  of  60**, 
is  divided  into  120  equal  parts,  eax:h  of  which  does  duty  as  a 
degree. 

The  instrument  commonly  known  as  a  Quadrant  is  improperly  Tbe  Ootaiit» 
so  called.  Though  it  is  capable  of  measuring  angles  up  to  90**^  as^oSuSlmi^ 
the  arc  only  consists  of  the  eighth  part  of  a  circle,  and,  in  accord- 
ance with  the  rule  adopted  in  the  former  case,  it  should  be  termed 
an  Octant  These  terms,  being  at  present  opposed  to  each  other, 
are  a  source  of  confusion,  and  should  be  rectified  by  abolishing  the 
word  Quadrant,  and  substituting  Octant.  Instruments  capable  of 
measuring  angles  up  to  144''  are  in  like  manner  termed  Quintants.  Qnintanti. 

The  optical  principle  upon  which  the  Sextant  is  founded  is  thus 
announced : — 

"  If  a  ray  of  light  sufiers  two  successive  reflections  in  the  same  Statement  of 
plane  by  two  plane  mirrors,  the  angle  between  the  first  and  last  ^oSmiir^ 
direction  of  the  ray  is  twice  the  angle  of  the  mirrors."  sextant. 
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The  following  illustration  is  taken  from  Herachel'a  Astronomy, 
page  loa* 


p  ^ 


Let  AB  h^  the  limb  or  graduated  arc  of  a  portion  of  a  eirdd 
60""  in  extent,  but  divided  into  120  equal  parta  On  the  radios 
SABoTiaw of  CB  let  a  silvered  plane  glass  D  be  fixed  at  right  angles  to  the 
J2SJS^  plane  of  the  circle,  and  on  the  moveable  radius  CE  let  another 
such  silvered  glass  C  be  fixed. 

The  horizon  glass  D  is  permanently  fixed  parallel  to  ^C,  and 
only  one-half  of  it  is  silvered,  the  other  half  allowing  objects  to 
be  seen  through  it 

The  Index  glass  C  is  wholly  silvered,  and  its  plane  is  parallel 
to  the  length  of  the  moveable  radius  CE,  at  the  extremity  {E!)  of 
which  a  vernier  is  placed  to  read  off  the  divisions  of  the  limb. 

On  the  radius  il  (7  is  set  a  telescope  F^  through  which  any  object 
Q  may  be  seen  by  direct  rays  which  pass  through  the  unsilvered 
portion  of  the  glass  D,  while  another  object  P  is  seen  through 
the  same  telesco|)e  by  rays  which,  after  reflection  at  (7,  have  been 
thrown  upon  the  silvered  part  of  D,  and  are  thence  directed  by 
a  second  reflection  into  the  telescope. 

The  two  images  so  formed  will  both  be  seen  in  the  field  of 
view  at  once,  and  by  moving  the  radius  CE,  will  (if  the  reflectors 
be  truly  perpendicular  to  the  plane  of  the  circle)  meet  and  pass 
over  without  obliterating  each  other. 

Tlie  motion,  however,  is  arrested  when  they  meet,  and  at  this 
point  the  angle  included  between  the  direction  CP  of  one  object^ 

*  Fablkhed  hf  Longmana  a  COi 


QUINTANT  AND   OCTAST. 
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I  mid  FQ  of  the  other,  is  twice  the  angle  ECA,  included  between 

I  the  fixed  and  moveable  radii  CA,  CE. 

Now  the  graduations  of  the  limb  being  purposely  made  only 
half  aa  distant  as  would  correspond  to  degi'ees,  the  arc  AE,  when 
read  off  as  if  the  graduations  were  whole  degrees,  will  in  feet 
read  double  its  real  amount,  and  therefore  tlie  numbers  so  read 
off  will  express,  not  the  angle  ECA,  but  its  double,  which  is  the 
actual  angle  subtended  by  the  objects.* 

The  navigator  who  takes  a  proper  pride  in  Im  work  should 
possess  a  first-clnss  Sextant  or  Quintant,  and  a  good  Octant  The 
latter  is  fully  equal  to  everyday  work  in  the  broad  ocean, — for 
example,  during  the  winter  mouths  in  the  North  Atlantic  The 
delicate  exactness  of  the  other  instrument  is  quite  thrown  away 
when  one  can  only  get  flying  shots  at  the  horizon,  from  the  crest 
)f  a  (iO-feet  wave.  Showers  of  salt  spray,  with  the  chance  of  aa 
Mxaftional  knock,  certainly  seem  less  suited  to  the  Bextaot  than 
to  its  hardier  and  more  humble  relative. 

On  the  other  hand,  for  fine  weather  use,  for  stars,  lunars,  ob- 
servations on  shore  with  artificial  horizon,  and  for  fixing  the  ship's 
position  in  the  neighbourhood  of  land  by  angles,  the  Quintant  is 
undoubtedly  the  proper  and  only  reliable  instrument  A  good  Cars  in 
Quintant  or  Sextant  costs  money— a>i<i  h  worth  it.  Unless  you  SJ^^m?"* 
are  a  fair  judge  of  one,  it  is  as  easy  to  be  deceived  in  purchasing 
a  sextant  as  in  buying  a  horse.     The  market  is  glutted  with 

I  aextaiiti)  rimdefor  sale.    Every  pawnbroker's  window  in  aseapovt  i 

I  town  is  half  full  of  them,  Some  vendors  even  hold  out  the  induce- 
ment in  large  type  that  their  instruments  are  "free  from  error." 
If  indeed  by  accident  such  should  happen  to  be  the  case  at  the 
moment  of  purchase,  it  need  nut  be  a  mutter  of  speculation  how 
long  they  will  remain  so.  The  thing  is  absurd,  and  might  with 
equal  ju&tice  bo  said  of  a  chronometer  or  a  patent  log. 

The  intending  purchaser  should  spend  half-an-hour  or  so  inPotatatobt 
mtisfying  himself  as  to  the  following  points.  Avoid  a  sextant  of 
less  than  S  inches  radius.  The  divisions  of  a  smaller  instrument 
are  difficult  to  read,  especially  at  night,  and  are  not  likely  to  be 
Dear  so  accurately  cut  A  (3  or  7-inch  sextant  is  of  course  some- 
what lighter  to  handle,  but  sailors  are  not  women. 

Give  the  preference  to  a  "pillar"  sextant  over  one  whose  frame- 
work ia  cast  all  in  one  piece. 

*  It  oan  be  euil;  Jemonatnted  that  tbe  Bngla  JiGA,  between  leni  of  tlui  aru  and 
■era  of  the  tndoi  vernier,  ii  ec)iii1  to  tbe  Angle  of  tbe  roirron  C£D,  whicb  ia  &U  that 
Lii  wut«4  to  uUblisli  iLb  tcuth  of  tbe  tbeureiu  gUeo  mbovs. 
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One  of  the  eye-pieces  of  tlie  inveiting  teleacopo  should  have  a 
tolerably  liigh  magnifying  power — say  1-1  or  15  diameter!),  aa 
contacts  of  tbo  sun's  limbs  in  observations  witb  the  Artitici&l 
Horizon  are  easier  made  in  proportion  to  the  size  of  the  suns. 

Examine  the  vernier,  in  order  to  ace  that  its  feather  edge  liw 
perfectly  flush  with  tlie  face  of  the  arc,  otherwise,  by  a  alight 
side  movcuieut  of  the  eye  to  tbe  right  or  left  of  &  point  exactly 
vortical  to  where  the  divisions  "cut,"  a  false  reading  is  obtained. 
This  is  very  likely  to  occur  at  night,  when  rending  off  by  the  light 
from  a  swinging  lamp. 

An  extended  vernier,  by  which  is  meant  a  vernier  whose  dirU 
sioDs  are  twice  the  distance  apart  of  tiiose  on  the  arc,  is  now 
considered  to  be"  tbe  correct  thing,"  and  iaagreat  help  toaecarat* 
reading. 

To  tost  tlie  arc,  place  the  zero  of  the  vernier  very  carefully  at 
various  divisions  along  the  arc,  and  then  note  if  the  left  hand 
division  of  the  vernier  coincides  exactly  with  one  on  the  arc.  If 
the  latter  ia  correctly  graduated,  it  should  coincide  in  every 
i'tiatance.    Cheap  sextants  won't  stand  this  test. 

A  Bteel  tangent-screw  will  not  only  last  longer,  but  will  work 

more  evenly  than  a  brass  one. 

ooioroftndex     The  index  and  horizon  gla'U  screens  should  be  of  neutral  tint^ 

JJ^^^"    instead  of  red,  yellow,  green,  &c     The  various  depths  of  shade 

I  corre.'ipond  to  the  thickness  uf  the  glass.     The  coloured  screens 

■  which  screw  on  to  the  eye  end  of  the  telescopes  should  also  be 

p  neutral  tint. 

The  front  and  back  faces  of  the  index  glass  ought  to  be  strictly 

Tart  for         parallel  t«  each  other.     This  can  be  tested  by  placing  the  ecxUinta 

teckk  front  on  (^  table  or  other  steady  support,  and  looking  obliquely  into  Uie 

<   '^  "'  mirror  at  the  reflection  of  some  distant  object.     The  image  should 

'  have  sharp  and  well  detincd  edges.     If  they  are  at  all  blurred 

indistinct,  the  glass  is  more  or  less  prismatic. 

Another  methwl  of  determining  this  is  to  examine  the  reflectecl 
image  of  a  star  with  the  index  set  to  a  reading  of  120'  or  tlicrA*' 
abouta.  The  index  glass  reQectJi  from  its  outer  as  well  as  from  it» 
silvered  face,  though  in  a  less  di:grce.  If  the  faces  are  parallel, 
the  rays  frotn  the  star  reflected  from  the  two  faces  will  be  panUlel 
aAer  leaving  the  glass;  th(>y  will  the  re  fore  be  converged  to  the 
same  focus  in  the  lelescDjto,  and  produce  but  a  single  image.  Bal 
if  the  glass  is  prismatic,  there  will  be  two  images,  a  fainter  image 
8i.jK:nmp08cd  upon  the  stronger  one,  and  uot  quite  coincident 
with   it.     Tbe  stw,  thcrcfvie,  will  nut  :ihL'W  ns  a   wvU  defluvtl 
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point  without  sensible  magaitude,  which  it  ought  to  do  if  the 
glasa  were  perfect 

Want  of  parallelism  of  the  horizon-glass  is  of  less  consequence. 
It  affects  all  angles  (the  index  correction  included)  by  the  same 
quantity,  and  therefore  produces  no  error  in  the  resulta 

Next,  examine  the  coloured  screens  for  the  same  defect.  If  their  Tart  for 
faces  are  not  ground  parallel,  the  sextant  will  have  a  different  screens, 
index  error  for  each  pair  or  combination  of  screens.  Detection  in 
this  case  is  easy.  Make  an  accurate  contact  of  the  sun's  limbs, 
on  or  off  the  arc,  as  the  case  may  be,  using  with  the  telescope  one 
of  the  coloured  screens  belonging  to  it*  Then,  after  discarding 
this  screen  from  the  telescope,  turn  down  suitable  combinations  of 
the  index  and  horizon  screens^  and  see  if  the  contact  still  remains 
perfect  If  not,  make  it  so,  and  the  difference  between  the  first 
and  last  reading  will  be  the  error  of  that  pair  of  screens,  and  so 
on  for  the  remainder. 

In  sextants  manufactured  by  Pistor  and  Martins,  of  Berlin,  sereeni  fitted 
the  screens  are  so  arranged  as  to  admit  of  being  instantaneously  ^  "▼•"•• 
reversed ;  therefore,  to  eliminate  the  errors  of  these  glasses,  it  is 
only  necessary  to  take  one  half  of  a  set  of  observations  with  one 
position  of  the  screens,  and  the  other  half  with  the  reverse  position. 

Imperfection  in  the  coloured  shade,  just  alluded  to,  which  ships 
on  to  the  eye-piece  of  the  telescope,  is  of  no  particular  importance, 
as  the  object  and  reflected  image  are  affected  alike,  and  the  angle 
between  them  remains  unchanged. 

Finally,  the  arc  in  a  good  sextant  should  be  of  platinum  or  gold, 
and  the  divisions  both  on  it  and  the  vernier  should  look  fine  and 
clean  cut  when  viewed  under  the  microscope.  To  eriaure  these 
requisites,  purchase  the  instrument  from  a  maker  of  repute. 

The  index  error  should  be  found  before  and  after  all  iipportant  index  Error, 
observationa  At  night  it  can  be  determined  with  great  facility 
by  means  of  a  star  of  the  2nd  or  Srd  magnitude.  Set  the  vernier 
a  few  minutes  one  side  or  other  of  zero,  screw  in  the  telescope 
uid  direct  it  to  a  suitable  star,  and  by  means  of  the  slow-motion- 
screw  bring  the  images  exactly  in  one.  The  reading  will  be  the 
ind^  error,  subtractive  if  on  the  arc,  and  additive  if  off  the  are. 
As  a  star  of  the  Srd  magnitude  is  a  mere  speck  of  light,  the 
method  admits  of  great  accuracy,  and  will  he  found  much  less 

•  CA{>Um  Wharton,  in  his  BydrographiccU  Surveying^  says  : — *'•  Several  dark  eye. 
pieces  ahould  be  provided,  with  Deutral  tint  glasa  in  them  of  difiperent  intensities. 
llieM  ahmild  be  fitted,  not  to  tcrew  on  to  the  eye-piece,  but  ground  conical,  to  slip  ot 
to  m  oDular  oomoaily  ground  torfaoe  on  the  telescope  eye-piece. 
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fatiguing  to  the  eye  than  a,  similar  observation  of  Ute  sun.  Tho 
reflected  image  should  pass  exactly  over  the  direct  oue;  if  it 
passes  on  either  dde  of  it,  the  horizOD-glass  is  not  perpendicular 
to  the  plane  of  the  instrunient,  and  wants  attending  ta 

It  18  a  common  practice  to  ascertain  the  index  error  by  the  sea 
horizon  in  a  manner  similar  to  the  foregoing,  and  the  method  is  a 
correct  one ;  but  it  will  not  work  on  shore  where  the  top  of  some 
straight  and  level  object  is  employed  to  represent  the  horucoii, 
unless  the  object  so  selected  be  at  least  half  a  mile  distant  The 
index  and  horizon -glasses  would  subtend  a  sensible  angle  at  ths 
place  of  an  object  within  that  distance ;  and,  though  the  glaiues 
should  be  parallel  to  each  other,  coincidence  would  not  be  estab- 
lished between  the  reflected  and  true  images. 

Beware,  therefore,  of  self-styled  opticians  who  are  occasionally' 
to  be  seen  at  their  shop  doors  adjusting  sextants  by  the  root  of 
the  house  opposite.    In  doing  so  they  betray  their  own  ignoranco 
as   well   as   tlieic  customer's   coniidencG.    Some  one,  with    mora 
humour  than  reverence,  has  suggested  the  word  "  Shoptician  " 
a  fltting  title  for  such  men.     Perhaps  it  is. 
t.      The  four  arljustmenU,  and  the  means  of  making  them,  are 
lucidly  explained  in  the  various  Epitomes  of  navigation,  and  th«j 
are  so  simple  in  themselves,  that  it  is  quite  umiecessary  to  waste 
space  in  treating  of  them  here;  as  a  rule,  a  good  instrument,  if 
carefully  nursed,  will  remain  in  suflicieutly  close  adjustment  for 
an  indefinite  time.     Some  officers  are  never  satisfled  unlo^t  they 
are  tinkering  at  the  adjustment  of  their  sextants,  and,  us  a  conae*: 
quence,  the  screws  work  slack,  and  the  sextant  does  not 
correct  for  21  hours  on  a  stretch — in  fact,  the  more  it  is  mcddli 
with,  the  worse  it  gets. 

Raper  is  very  emphatic  on  this  matter.     He  says : — 

"The  adjusting  screws  are  never  to  be  touched  except 
■neceemtt/,  and  then  with  the  greatest  possible  caution.  Partici 
attention  is  called  to  this  point,  because  it  is  a  common  failing 
'over  handy  gentlemen,'  (to  use  Troughton's  language)  to  'tomionl 
their  instruments.  It  is  better  that  error  should  exist,  provided' 
it  is  allowed  for  nearly,  tl'.an  that  mi.schief  should  ensue  to  the 
iuBtruraent  from  ignorant  attempts  at  a  perfect  adjustment ;  aJid 
the  skilful  observer,  instead  of  implicitly  depending  upon  the 
supposed  perfection  of  his  instrument,  will  endeavour  to  avail 
himself  of  those  cases  in  which  errors,  if  they  exist,  will  destroy 
each  oUior." 

If  of  a  mocLauical  turn,  howLVur,  and  really  anxious  to  loan 
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the  way  a  sextant  is  put  together,  iirst-rate  practice  can  be  had 
with  a  cheap  second-hand  one,  which  can  be  taken  to  pieces  with 
impunity,  put  together  again,  and  experimented  upon  in  a  variety 
of  interesting  ways:  for  instance,  it  would  be  instructive  to 
determine  by  reversal,  the  error,  if  any,  due  to  a  prismatic  form 
of  the  index  and  other  glasses.  The  reflectors  might  also  be 
resilvered  according  to  Belchers  method,  as  described  in  the 
Sailors'  Pocket  Book. 

In  case  your  sextant  is  not  already  fitted  with  a  good  ''star  star 
telescope,**  by  all  means  get  one.     It  will  pick  out  the  horizon  on  ^•^••^^•. 
a  dark  night  when  the  unassisted  eye  would  be  in  error  several 
minutes  of  arc.     Some  men,  after  getting  the  star  roughly  down 
near  the  horizon,  hold  their  sextant  in  one  hand,  and  a  binocular  improper 
dose  up  to  it  with  the  other,  and  then  endeavour  to  perfect  the  ^n^ui^ 
contact.     This  is  a  bad  plan,  and  to  convince  any  one  that  it  is 
so,  let  them  try  it  with  the  sun  in  broad  day-light    It  is  true  the 
horizon  is  rendered  much  more  distinct,  but  with  every  motion  of 
the  binocular  the  object  will  dance  about — sometimes  above  the 
horizon,  and  sometimes  below  it. 

To  ensure  a  correct  altitude,  the  line  of  sight  of  the  telescope 
used  must  beparcdlel  to  the  plane  of  the  instrument;  this  is  termed 
•the  line  of  collimation,"  and  it  is  abundantly  evident  that  one 
cannot  guarantee  to  effect  this  by  guess-work,  in  the  dark,  with 
a  pair  of  night-glasses  held  loosely  in  the  hand.  In  table  54  of 
Baper's  Epitome  will  be  found  the  amount  of  error  corresponding 
to  the  altitude  of  the  body  observed,  and  the  angle  the  telescope 
makes  with  the  plane  of  the  sextant* 

It  is  also  well  to  know  that  the  error,  due  to  the  optical  axis  of 
the  binocular  not  being  held  strictly  parallel  to  the  plane  of  the 
instrument^  always  lies  in  the  direction  of  making  the  altitude 
too  great,  so  that  those  who  incline  to  this  mode  of  observing 
would  do  well  to  make  allowance  in  accordance  with  the  rule. 

For  convenience  of  reference  in  case  of  a  s^ispected  mistake  in 
reading  off,  the  lid  of  the  sextant  case  should  be  fitted  to  close 
with  the  index  clamped  at  any  part  of  the  arc. 

Do  not  stow  your  sextant  case  in  a  drawer,  or  on  an  out-of-the-  node  of  iton 
way  shelf,  from  which  a  sudden  jerk  of  the  vessel  might  send  it  ^  sextant 
flying.     Rather,  get  a  brass  band  yV  ^^  ^^  i^ch  thick,  and  f  of  an 
inch  broad.     Let  it  be  bevelled  to  fit  three  sides  of  the  box  a 
little  better  than  half  way  up.      Cover  this  with  coloured  flannel 
or  wash  leather,  and  screw  it  to  the  bulkhead  in  such  a  manner 

♦  Vide  Appendix  C 
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approaching  the  cushion,  and  again  on  rebounding  from  it.     If  tb«  a 
ball  be  propelled  from  the  bottom  Z^/t-hand  pocket,  so  that  it  J 
strikea  the  exact  centre  of  the  top  cusbioii,  it  will  return  to  thft^ 
bottom  r?^/t(-hand  pocket      All  schoolboys  are  practically  familia 
with  it  in  the  common  game  of  band-ball,  although  some   of  tlH 
younger  ones  may  possibly  never  have  heard  of  the  above  i 
relatiag  to  it 

The  Artificial  Horizon,  in  conjunction  with  the  all  iinporta 
sextant,  ia  of  service  for  astronomical  observations  on  shore  whflii 
the  sea  horizon  is  not  obtainable.  Even  if  the  sea  horizon  were 
« available,  the  artiticial  oue  possesses  many  advantages  over  it 
For  example,  the  accuracy  of  all  observations  taken  with  the  sea 
horizon  depends,  in  the  first  place,  upon  a  correct  knowledge  of 
the  estimated  or  measured  height  of  the  observer's  eye  above  tb« 
sea  level,  whereas  with  the  Artificial  Horizon  it  is  quite  immaterial 
what  the  height  of  the  eye  may  be,  as  it  docs  not  enter  into  t" 
after  calculation. 

Secondly,  owing  to  the  uncertainty  of  the  efl'ects  of  refractioi 
the  apparent  position  of  the  sea  horizon  can  never  be  depend) 
upon.  It  is  found  to  be  Hoinetimes  above  its  normal  place, 
at  others  bolow  it.  The  rule  aoenis  to  be,  that  when  the  seft  | 
warmer  than  the  air,  the  horizon  appears  Wow?  its  mean  plat 
and  when  the  sea  ia  colder  than  the  air,  the  horizon  appears  abt 
its  mean  place.  The  known  capriciousneea  o£  terrestrial  refracUo^ 
1.  has  prevented  the  formation  of  a  table  of  values  in  coudccUoI 
with  this  subject 

Celestial  refmction  also  varies  mucli,  so  that  the  tabular  amona| 
applied  to  the  altitudes  of  heavenly  Wlics  may  not  at  the  tim 
be  the  actual  value.  It  ia  important  to  arrive  as  nearly  i 
possible  at  the  correct  thing,  by  using  the  auxiliary  Table  111,  i 
Norie's  Epitome,  to  correct  the  mean  refraction  given  in  Table  1% 
An  investigation  of  Table  III.  will  shew  that  the  refraction  I 
greatest  with  a  high  barometer  and  low  thermometer. 

Again,  it  the  sea  Iw  at  all  rough,  and  the  obscr\'er  not  mu< 
elevated  above  it,  the  waves  will  give  a  dancing  appearance  to  tht 
horizon,  from  which  the  mercurial  one  is  of  course  exempt    That 
eminent  authority  the  late  Lieut  Raper*  says, — 

"  The  image  of  a  celestial  object  reflected  from  the  anrfooo  of 
B  fluid  at  rest,  appears  aa  much  betmc  the  true  horizontal  line  as 
Uie  object  itself  appears  above  it ;  the  angular  distance  measured 
between  the  olgect  and  it*  image  is  therefore  doubie  the  altitudin. 
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Aa  advautage  resulting  from  this  is  that  in  halving  the  angle 
shewn  by  the  instrument,  we  halve  at  the  same  time  all  the  errors 
of  obaervaUon,*  The  reflected  image  in  the  fluid  is  always  less 
bright  than  the  object,  but,  as  it  is  perfectly  formed,  and  as  the 
surface  is  truly  horizontal,  the  Artificial  Horizon,  when  it  can  be 
employed,  is  always  to  be  preferred  to  the  sea  horizon/' 

To  the  navigator,  the  Artificial  Horizon  is  seldom  of  other  value  i^  ^ue  for 
than  to  enable  him  to  ascertain  the  error  and  rate  of  his  chrono-  otxJumaUt 
meter  at  ports  abroad,  where  there  are  no  time  signals  for  the 
purpose.     In  its  use  there  are  many  points  to  be  attended  to,  all 
of  which  conduce  materially  to  the  desired  accuracy  of  the  result 

The  trough  should  not  be  less  than  four  inches  inside  length,  gise  of  Thragi 
because  the  convexity  of  the  mercury  at  the  edges  renders  that 
part  unfit  for  reflecting  truly.     Moreover,   the  surface  of  the 
central  portion  is  necessarily  foreshortened  to  the  observer,  and 
becomes  more  so  as  the  altitude  of  the  object  decreasea 

The  trough  should  stand  sufficiently  high  inside  the  roof  to 
admit  of  the  surface  of  the  mercury  being  on  a  level  with  the 
lower  edges  of  the  glasses,  otherwise  one  is  needlessly  deprived 
of  the  full  power  of  the  instrument — that  is  to  say,  its  range  for 
measuring  angles  is  lessened.  For  the  same  reason,  and  also  to 
avoid  all  possibility  of  convexity  of  surface,  do  not  be  stingy  with 
the  quicksilver.  Fill  the  trough  as  full  as  you  convepiently  can, 
and  do  not  be  content  with  merely  covering  the  bottom  of  the 
dish.  The  quicksilver  is  usually  contained  in  an  iron  bottle,  the 
mouth  of  which  is  fitted  with  a  screw  plug  or  stopper.  For  ad- 
ditional safety,  an  iron  cone  (with  a  fine  hole  at  its  apex)  screws 
on  over  all. 

To  fill  the  trough  for  observing,  proceed  as  follows : — Carefully  Dlreotloni  fo 
wipe  dean  the  glasses  of  the  roof,  both  inside  and  out ;  do  this  ^"•' 
with  soft  chamois  leather,  breathing  on  the  glasses  to  get  off 
spedkis  or  stains.     Next  clean  out  the  trough,  and  remove  all  dust 
from  its  inside  with  a  hat  brush-     This  is  very  important,  since 
dust  being  specifically  lighter  than  mercury,  should  any  be  left 
behind,  it  will  infallibly  rise  to  the  surface  and  mar  the  observa- 
tion; then  place  the  trough  in   its  selected  position,  ready  for 
filling.      Take  the  iron  bottle,  remove  the  cone  and  plug,  and 
replace  the  cone,  taking  care  to  screw  it  on  pretty  tightly,  as 
mercury  is  very  searching.     The  cone  is  now  intended  to  do  duty  gcum  on 
as  a  filter,  and  to  prevent  scum  from  passing  into  the  trough  with  Mercury. 
the  quicksilver.     To  facilitate  this,  cover  the  small  hole  with 

*  Italics  by  the  author. 
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the  finger,  and  shake  the  bottle,  holdmg  it  upside  down,  so  that 
the  scum  may  rise  to  the  surface  inside.  Then  placing  it  over  the 
trough,  and  close  down  (the  bottle  being  still  held  inverted), 
remove  the  finger,  and  allow  the  quicksilver  to  flow.  When  the 
trough  is  suflBiciently  full,  cover  the  aperture  with  the  finger  before 
reversing  the  bottle,  which  may  then  be  set  down  on  one  side. 

It  is  necessary,  when  pouring  the  mercury  into  the  trough,  to 
stop  wlnle  there  yet  remains  a  reasonable  quantity  in  the  bottle, 
otherwise,  if  it  were  all  allowed  to  run  out,  tbe  scum  would  pass 
with  it,  and  by  clouding  the  otherwise  bright  suriace  of  the 
mercury,  oblige  you  to  perform  the  whole  operation  over  again. 
To  cleanse  the  mercury  when  it  has  become  very  dirty,  run  it  all 
out  of  its  own  bottle,  shake  it  well  up  in  a  soda  water  boctle  with 
some  lump  sugar  broken  small,  and  then  strain  it  through  silk* 
The  action  of  the  sugar  is  purely  mechanical. 

Having  sufiicient  mercury  in  the  trough,  immtdiatdy  put  on 
3>«ittob«  the  roof  to  i^revent  dust  getting  on  its  surface,  on  which  it  would 
provoking! y  float,  and  impair  its  brilliancy  and  reflecting  power. 
It  is  possible,  however,  to  brush  it  ofi*  by  sweeping  the  surface 
with  the  straight  edge  of  a  piece  of  clean  blotting  paper,  cut  to 
the  full  width  of  the  trough. 

To  put  the  mercury  Ixick  again  into  the  bottle  is  a  more  tick* 
lish  job,  ai)d  requires  a  strong  hand  to  lift  the  trough,  and  a 
steady  one  to  preserve  its  balance  without  spilling  the  contents. 
To  do  this,  the  cone  is  unscrewed  from  the  neck  of  the  bottlci  and 
inserted  in  its  mouth  to  act  like  an  ordinary  funnel ;  the  mercury 
is  then  poured  slmvly  into  it  through  a  small  hole  for  the  purpose, 
at  one  corner  of  the  iron  trough.  To  avoid  loss,  it  will  be  found 
a  good  plan  to  place  the  bottle  in  the  centre  of  a  wash-hand  basin. 
If  that  is  not  convenient,  the  empty  sextant  case  will  do  nearly 
as  well ;  but  care  should  bt'  talm  that  wo  plobules  of  mercury  are 
lift  in  it,  for  if  these  get  into  cout^ict  with  the  arc  of  the  sextant^ 
woe  betide  the  owner  of  it. 

It  is  advisable,  also,  to  have  a  somewhat  larger  trough  or  stand 
ujH>n  which  to  place  the  inner  one  with  its  nx>f.  This  outer  stand 
or  stool  should  have  sides  al>out  three-quarters  of  an  inch  in 
height,  and  should  be  lintnl  at  the  Uutom  with  thick  cloth,  into 
which  the  metal  evlg<*s  of  the  nH»f  would  sink,  and  s<^  exclude  tbe 
external  air.  It^  inside  measurement  should  t^e  fully  two  inches 
greater  than  the  outride  measurement  of  the  mercury  trough,  so  as 
to  admit  of  the  latter  Wing  easily  liAo%)  out  of  it^  and  also  to  allow 
the  inner  i>ne  to  be  turned  in  aiimuth  ^«s  the  sun  moves  onward\ 
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without  diaiurbing  its  level.  It  should  be  substantially  made  of 
cast  iron,  of  good  weight,  and  fitted  with  three  short  legs,  some- 
thing after  the  manner  of  a  common  kitchen  pot 

The  moat  essential  requisite  in  an  Artificial  Horizon  is,  that  the  Pure  gimsif< 
glasses  forming  the  roof  should  be  pure  and  free  from  flaws  orJJI^lJi^'^ 
veins,  and  that  the  fsuses  of  each  pane  should  be  ground  perfectly 
parallel.     The  reason  for  this  is  the  same  as  that  given  in  the 
last  chapter  in  connection  with  the  index-mirror  of  the  sextant 
Sioald,  however^  the  glasses  be  imperfect  in  this   respect,  the 
resolting  en-or  in  the  altitude  can  be  eliminated  by  turning  the  nimination 
nx>f  end-for-end  in  the  middle  of  each  set  of  observations,  and  to 
effect  this  with  certainty,  one  side  of  the  roof  should  bear  a  con- 
spicuous ma^k — a  white  cross  or  star  painted  on  it  would  do  very 
welL    In  taking  stars  on  opposite  sides  of  the  meridian  or  zenith, 
always  keep  the  marked  side  towards  you.* 

Intending  to  take  sights  with  the  Artificial  Horizon,  the  first 
thini;  is  to  select  a  suitable  and  well  sheltered  spot,  and  firm  nMittr  and 
ground  should  be  obtained  if  possible. 

A  beginner  will  be  surprised  to  find  how  small  a  movement  at  a 
considerable  distance  will  ruffle  the  surface  of  the  quicksilver,  so 
as  to  render  observations  impossible.  On  this  account  the  im 
mediate  vicinity  of  the  shore  is  generally  unsuitable.  Though  the 
spot  of  observation  was  fully  one  hundred  yards  from  the  water- 
line,  a  very  moderate  swell  breaking  on  the  shiugly  beach  in 
Callao  Bay  was  found  to  shake  the  quicksilver  of  the  artificial 
horizon,  when  placed  in  the  back  yard  of  the  Hospital  belonging 
to  the  Pacific  Steam  Navigation  Company,  so  that  it  was  only 
during  "  the  smooths  "  that  sights  could  be  obtained. 

For  the  same  reason,  avoid  the  neighbourhood  of  waterfalls, 
mills,  factories,  foundries,  and  shops  of  workmen  generally.     The 
passing  of  vehicles  on  a  road  will  also  have  a  disturbing  influence  snrftoe  of 
on  the  mercury.    Fortunately  this  fluid,  from  its  great  weight,  "^J^d^j^tT" 
very  quickly  comes  to  rest  after  being  shaken,  therefore,  so  long  as  diBtnrbanoe. 
the  tremor  is  not  actually  continuous,  one  can  generally  manage 
to  secure  good  observations.    Wind  is  a  frequent  source  of  quaking 
mercury,  and  care  should  be  taken  to  have  the  horizon  trough 
firmly  placed,  and  the  roof  bedded  on  something  soft,  so  that  the 
wind  cannot  get  under  its  lower  edge. 

A  screen  of  canvass  to  windward  is  a  good  thing,  as  a  rule,  but 
on  some  ground  this  causes  such  vibration  of  the  earth  as  to  be 
worse  than  the  free  blast  of  the  wind. 

•  Se«  pages  384,  886. 
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For  *' Equal  Altitudes,"  a  spot  free  from  disturbance  is  absolutely 
necessary,  or,  from  inability  to  secure  observations  corresponding 
in  altitude  with  those  taken  in  the  forenoon,  the  whole  day  s  work 
may  be  lost — to  say  nothing  of  the  annoyance  of  the  thing. 

Again,  a  place  open  to  the  public  is  objectionable,  from  the 
number  of  idle  curiosity-mongers  who  are  sure  to  surround  the 
party,  and,  without  intending  it,  make  themselves  very  disagree- 
able by  ignorantly  getting  in  the  way,  &c. 

Supposing  a  spot  suitable  in  all  these  particulars  has  been 
found,  there  yet  remains  an  important  consideration. 

If  you  are  going  to  observe  in  the  afternoon  as  well  as  tlie 
forenoon,  due  regard  must  be  had  to  the  sun's  bearing  at  the  first 
named  time,  so  that  when  wanted  in  the  afternoon  it  may  not 
be  rendered  invisible  by  houses,  trees,  hills,  or  otiier  obstructions^ 
This  being  seen  to,  get  ready  for  work  by  filling  the  trough  aa 
Howloj^Uoa  before  mentioned,  and  place  it  nearly  in  a  line  with  the  object 
JJJJJJ^f?  to  be  observed;  hut  sUfjhtli/  in  the  direction  that  the  object  is 
moving,  so  as  to  avoid  having  to  slue  the  trough  in  azimuth 
before  the  completion  of  the  entire  set 

To  make  delicate  observations  de|>ending  so  much  upon  eye 
''****^  ^  and  nerve,  it  is  necessary  to  be  comfortable  in  bodi/.  About  the 
easiest  position  for  the  observer  is,  to  sit  down  on  the  ground  at 
the  proper  distance  from  the  horizon,  and  to  have  the  back  well 
supported  by  a  i-ough  box  filled  with  sand  or  stones,  or  a  chair 
steadied  by  some  one  else  sitting  on  it 

One  cannot  be  comfortable,  however,  even  on  a  bed  of  roses,  if 
half  stung  to  death  by  mosquitoes;  so  in  countries  where  these 
plagues  exist,  and  night  observations  are  required,  it  will  be 
necessary  to  give  a  wide  berth  to  swampy  localities  which  are 
sure  to  be  infested  by  armies  of  them,  esj>ecially  if  the  air  be  still : 
indeed,  for  this  reason  it  is  preferable  to  court  a  breeze  instead  of 
shutting  it  out 

Sandflies  are  j'et  worse,  as  nothing  will  get  rid  of  them  ;  even 
sailors,  who  are  a  long-suflTering  class,  and  leani  to  put  up  with 
most  tilings,  are  not  proof  against  their  attacks,  and  many  an 
otherwise  favourable  opportunity  of  getting  stars  has  been  spoilt 
by  these  diabolical  insects. 

Should  it  be  intended  to  observe  the  sun,  turn  down  temporarily/ 
the  necessarj-  horizon  and  index-screens  ;  and,  being  placed  so  that 
his  image  can  be  seen  reflected  from  the  centre  of  the  mercury  in 
the  trough,  direct  the  sexUnt  to  the  sun,  and  bring  it  down  until 
it  more  or  less  covers  the  image  in  the  mercury,  then  quickly  turn 
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'back  tlie  hinged  screens — tliey  ave  no  longer  needed — in  witL  the  Teieiwva 
telescope,  and  screw  on  to  its  eye-piece  a  suitable  screen,  light  J^°*"Jj"^. 
enough  to  give  a  well-defined  imnge  of  the  sun,  and  yet  not  too  naiorhariMn 
bright  to  dazzle  and  fatigue  the  eye.      Beginners  are  very  apt  to 
use  too  bright  suns,  and  in  consequence  the   effect  known    as 
"irradiation,"  spoils  the  sharpness  of  the  limbs.*     Look  to  your 
tangent-screw  to  see  that  it  is  not  at  the  wrong  end  of  its  run, 
which  of  course  would  depend  upon  whether  the  sun  might  be 
rising  or  falling,  otherwise  you  might  find  yourself  "  two  blocks  " 

(in  the  middle  of  a  set.     By  this  time  the  images  will  be  near  the 
point  of  separation.     Tell  your  aiisistant  with  the  chronometer 
b>  "look  out,"  and  at  the  actual  moment  of  contact  of  the  limbs 
mil  out  "stnp."f 
In  the  morning  for  lower  limbs  the  suns  will  separate,  and  for  c,  „  ^ 
upper  limbs  will  dose.     The  contrary  is  the  case  in  the  afternoon,  "^'"t^f" 
and  this  is  irrespective  of  the  kind  of  telescope  employed,  whether 
direct  or  inverting.      Attention   to   tliia   rule   will  prevent  any 
confusion  as  to  which  limb  was  observed. 

Observe  upper  and  lower  limbs  alternately  without  unclamping 
the  vernier:  this  neutralizes  the  effect  of  irradiation,  and- gives 
less  work  to  do  in  reading  off,  besides  being  advantageous  in 
giving  practice  with  both  opening  and  closing  suns,  and  not  having 
itall  one  way  in  the  forenoon  and  another  in  the  afternoon. 

»It  is  unwise  to  make  the  sets  too  long,  as  doing  so  wearies  the 
eye  and  hand,  and  the  observations  sutler  accordingly,  especially 
in  hot  climates,  where  the  necessity  of  observing  in  the  full  glare 
of  the  sun  makes  it  a  trying  operation. 

In  "  equal  altitudes,"  take  care  that  corresponding  observations 
A.U.  and  P.M.  are  made  of  the  same  limbs.  Ascertain  index  error 
immediately  bt-fore  and  after  sights,  vsing  any  of  the  eye-pitxe 
^ladet  which  were  emploi/ed  for  the  altitudes. 

In  observing  with  the  Artificial  Horizon,  it  is  preferable,  tor  E7»-ptsot 
many  reasons,  to  use  the  screens  fitt«d  to  the  eye-piece  of  the  •"■*"■■ 
telescope  instead  of  the  hinged  ones  on  the  sextant     A  couple, 
and  sometimes  three,  of  diH'ereat  degrees  of  shade  are  to  be  found 
in  every  decent  sextant  case,  and  their  advantage  over  the  others 

■  >■  IrradutioD  "  u  mi  uptical  illiuioa  id  virtue  of  wbicli  white  abjscM,  or  thoie  of  • 
Tsrj  btiUutit  Dolour,  when  aeuu  no  m  du-k  groaiid.  look  Urgar  tbnn  they  teallf  are. 

t  Wh«li  uUctvioK,  iwvar  "niilto  conUcl"  yoarwlf  by  moving  tbs  UngKnt-»craw, 
but  oTarUp  ot  open  tbo  imagTi,  u  tb«  cue  m*}'  be,  clamp  tectiinXy,  aai)  watch  for  tba 
•lact  iuUnt  of  ouotact.  Utc  the  teteBCopn  with  ([leateat  miLeiiifyiDg  power,  M  it 
:li  (ac)lit»t«i  corcect  coutact*. 
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will  be  apparent  to  the  remler  who  has  stuilied  attentively  tha 
chapter  on  the  Sextant: — for  example,  the  brilliancy  of  the  sim 
varies  oh  clouds  pass  over,  ami  although  to  meet  tlie  contingency 
you  have  to  change  the  shades,  no  inherent  error  is  introduced  by 
doing  so,  a  happy  circumstance,  and  very  different  to  the  result 
obtained  by  the  use  of  the  Index  and  Horizon  Screens,  which 
latter,  however,  must  of  necessity  be  used  with  the  Sea  Horizon. 

Before  commencing  work,  equalize  the  brightness  of  the  two 
im^es  by  raising  or  lowering  the  telescope  by  the  large  milled 
headed  screw  for  the  purpose.  This  will  bring  the  axis  of  the 
telescope  almost  in  line  with  the  edge  of  the  silvered  part  of  the 
horizon-glass,  which  is  the  best  position  for  observing,  and  there 
it  must  remain  all  through  the  performance.  No  matter,  then, 
what  particular  depth  of  shade  you  may  afterwards  be  compelled 
to  use  for  the  eye-piece,  the  two  images  will  preserve  the  same 
rektive  tint  ^ 

Refer  to  the  example  in  Norie's  Epitome,  which  shews  the^ 
method  of  finding  the  tru«  from  the  observed  altitude.  It  is 
extremely  simple,  and  need  not  baulk  anyone. 

Recollect  that  as  the  Artiticial  Horizon  gives  doubU  the  actual 
'-altitude,  you  cannot  with  the  ordinary  Sextant  observe  higher 
'  altitudes  than  60'  or  Gi";  indeed  so  high  an  altitude  is  not  to  ba 
recommended,  for  though  &  quintaut  will  measure  140°  or  ther»> 
abouts,  the  image  will  not  bo  sharply  dclined  when  reflected  front 
the  Index-mirror  at  such  a  largo  angle,  unless  the  glass  be  more. 
than  usually  good.  To  save  disappointment,  it  is  well  to  asceiiaia 
beforehand  what  is  the  lowest  altitude  your  Artiflcial  Horizoa 
will  permit  you  to  take; — this  is  seldom  under  18°,  which  givea 
you  a  range  in  altitude  of  about  40'. 

A^'heu  going  on  shore  for  sights,  take  with  you  a  couple  of 
chairs  (unless  you  think  you  can  borrow  them),  one  for  the  chro- 
nouieter,  and  the  other  for  the  time-kee]»er,  and  to  support  your 
own  back  as  before  inenlioDed.  Take  also  pencil  and  note-book, 
chamois  leather,  a  couple  of  towels  to  spreud  on  tlie  grouud  uuder 
the  instruments,  and,  in  hot  u/txither,  an  umbrella  to  itep  the  cAro-' 
noinrtn-  cooL  For  night  work,  dispense  with  the  umbrella,  and 
Bubstitutc  a  couple  of  buUVcyc  lamps— one  for  the  chrouometer, 
and  the  other  for  reading  otf  by. 

Uou't  forget  the  wash-lMuUn  or  some  substitute,  unless  yoa 
have  a  large  reserve  stock  of  quicksilver.  Cautiou  the  lamp-mea 
neither  to  flash  the  light  ia  jour  tyea  nor  to  throw  it  auywtier* 
near  the  Aitilicukl  llori»on.    A  good  arrangrmeut  is  Uiat  in  which 
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tfie  assistant  is  seated  in  the  observer's  back-supporting  chair, 
with  the  chronometer  immediately  facing  him  on  the  other,  so 
that  the  light  necessary  for  taking  the  time  need  not  inteif ere 
with  anything  else. 

For  these  sort  of  expeditions,  select  handy  men  who  have  some 
gvanption.  Think  over  and  make  all  your  preparations  well  in 
advance,  so  as  to  avoid  hurry-scurry  and  contusion  when  the  time 
for  action  cornea  Compare  chronometers  before  leaving  the  ship, 
and  again  on  your  return  on  board. 

Many  Artificial  Horizons  have  been  invented  for  use  on  board  ArttiicUl 
ship  in  times  of  fog,  or  for  taking  stars  at  night,  when  the  natural  im  hm. 
horizon  is  very  ill-defined,  but  only  one  of  them  can  be  considered 
fairly  successful ;  and  unless  a  man  has  plenty  of  money,  and  can 
afford  to  amuse  himself  with  such  toys,  the  others  are  just  as  well 
left  alone. 

The  one  referred  to  was  exhibited  at  the  Paris  Exposition  of 
1867,  by  the  inventor,  Mr.  Georf^e  Davidson,  of  the  United  States  DaTidioa'i 
Coast  Survey,  and  is  called  "Davidson's  Spirit  Level  Attachment"  jSMbm&ot. 

It  is  stated  that,  in  the  hands  of  a  practised  observer,  the  mean 
of  a  series  of  seven  sights  will  give  a  result  within  one  minute  of 
arc  of  the  truth.  The  invention  lies  altogether  in  the  observing 
telescope  of  the  sextant,  and  is  capable  of  easy  adjustment. 

Before  placing  too  much  faith  in  such  an  instrument,  it  would 
be  the  duty  of  every  man  to  compare  the  results  obtained  by  it 
with  others  got  simultaneously  from  the  sea  horizon  under /at/our- 
oMf  circumstancea 

THE    8EA    HOBIZON. 

Every  seaman  knows  that  by  going  aloft  in  clear  weather  his 
range  of  view  is  extended,  and  that  on  account  of  the  earth's 
curvature  the  visible  horizon  recedes  from  him  the  higher  he  goes. 
In  like  mianner,  by  descending  towards  the  surface  of  the  water 
his  range  of  view  is  lessened,  and  the  horizon  approaches  him. 
Advantage  can  be  taken  of  this  to  get  observations  in  foggy  oiMtnratlona 
weather.  By  sitting  in  the  bottom  of  a  small  boat  in  smooth  ^^jj 
water,  or  on  the  lowest  step  of  the  accommodation  ladder,  the  eye 
will  be  about  two  feet  above  the  sea  level,  at  which  height  the 
horizon  is  little  more  than  a  mile  and  a  quarter  distant,  so  that 
unless  the  fog  is  very  dense,  serviceable  observations  are  quite 
possible. 

The  writer,  on  three  different  occasions,  when  at  anchor  off  the 
River  Plate,  during  fog,  has  been  enabled  to  ascertain  the  ship's 
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poaition  in  tlie  way  described,  and  after  verifyiug  it  by  the  lead, 
has  proceeded  up  to  Monte  Video  without  seeing  land.  Of  course 
the  vessel  was  only  allowed  to  go  at  slow  speed,  and  the  deep-ses 
and  hand-leads  were  kept  coiistiintly  going,  as  well  as  the  ground- 
log, — the  latter  will  be  treated  of  by-aud-by. 

Every  navigator  ought  to  ascertain,  before  leaving  dock,  the 
height  of  his  eye  above  the  load  water-line  corresponding  to  hia 
position  on  the  bridge,  upper,  and  main  deck,  and  conseqaeot 
distance  of  the  visible  horizon  a«  seen  from  each  of  these  places. 

In  fine  clear  weather  take  your  observations  from  the  higheat 
convenietU  place,  say  the  hridffe-  The  reasons  for  this  are  that  aa 
error  in  the  dip  causes  an  error  of  the  same  amount  in  the  alti- 
tude; and  the  dip  changes  most  rapidly  the  leas  the  elevation 
above  the  sea  level.  For  a  height  of  eye  of  10  feet  the  dip  is  ff, 
and  for  40  feet  it  is  only  G'  (xide  Tahle  V,  of  Norie's  Epitome). 

Raper  says : — 

"  If  the  altitude  be  observed  above  the  deck,  as  in  the  top  for 
instance,  the  horizon  will  appear  better  de6ned,  and  the  variations 
of  the  dip  by  the  ship's  motion  will  be  less  sensible ;  also  tlie 
diSbrence  of  temperature  of  the  soa  and  air  appear  to  affect  the 
placo  of  the  visible  horizon  less  as  the  observer  is  more  elevated 
Hence  it  would  appear  that  altitudes  should  be  taken  from  aloft 
when  convenient." 

In  thick  or  miMy  weather  take  your  obaervationa  from  aa  low  a 
point  ae  possible,  and  in  all  cases  apply  the  correction  for  height 
of  the  eye  corresponding  to  what  it  is  known  to  be  at  the  spo* 
where  the  observation  was  taken. 

Reference  has  already  been  made  to  the  uncertainty  in  the 
placo  of  the  soa  horizon,  duo  to  the  unequal  temperature  of  the 
air  and  water.  I'his  displacement  of  the  horizon  sometimee 
occurs  to  a  most  serioas  extent,  and  unfortunately  on  board  ship 
there  are  no  means  of  detecting  it  '>•/  observations  of  the  nan, 
unless,  indeed,  its  ultitudo  should  happen  to  be  above  GO',  whea, 
:  with  a  good  (^uintant,  it  can  bo  taken  from  opfxtgite  tides  of  ih* 
horicon,  by  which  means,  if  the  dlnjilaeetnent  should  be  equal  ait 
round,  the  error  due  to  ttiis  cause  will  bo  elimijiated  by  taking 
the  mean  of  tho  observations. 

This  error  in  the  place  of  the  sea  horizon  is  commonly  found  on 
the  edge  of  soundings,  aud  at  the  tnontlis  of  large  rivers,  and  in 
the  latter  case  la  caused  by  the  uucf^ual  temperature  of  tho 
mingling  currents  of  fresh  and  salt  wntrr.  It  exists  iu  a  marked 
degree  in  the  Gulf  Stream  aud  itt  vicinity. 
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The  writer  once  found  the  latitude  by  an  excellent  meridian 
altitude  of  the  sun  to  be  as  much  as  14'  in  error.  The  time  was 
mid-winter — the  day  a  clear  and  cloudless  one — the  sea  smooth, 
and  the  horizon  clean-cut  Five  observers  at  noon  agreed  within 
the  usual  minute  or  half-minute  of  arc  ;  nevertheless,  on  making 
Long  Island  (U.S.A.)  in  less  than  two  hours  afterwards,  the 
latitude  was  found  wrong  to  the  amount  stated.  Many  such 
cases  have  come  under  the  writer  s  notice,  but  this  one  idone  is 
cited  on  account  of  the  magnitude  of  the  phenomenon. 

As  an  instance  of  ifi^norance  of  some  of  the  commonest  truths  in  Svn  below 

1)nt*1sAtt 

nature,  the  writer  cannot  refrain  from  introducing  the  following  wmitt  yet 
anecdote.  TirtWe. 

One  evening  he  was  pacing  the  deck  with  his  Chief  Officer, 
and  seeing  the  sun  s  lower  limb  touching  the  horizon,  told  his 
subordinate  that  at  that  moment  the  whole  of  the  sun's  disc 
was  really  below  it,  although  from  the  effects  of  refraction  it  was 
still  visible.  This  the  officer  could  not  and  would  not  believe. 
He  was,  however,  convinced  some  few  minutes  later  by  a  very 
familiar  experiment  Being  firmly  seated  in  front  of  an  empty 
wash-hand  basin,  so  that  the  brass  plug  at  the  bottom  was  quite  Bxperlment 
invisible,  the  basin  was  about  half  filled  with  water  from  a  can,  of  water, 
when,  without  moving  his  head,  he  at  once,  to  his  great  astonish- 
ment, saw  the  plug.  On  letting  the  water  run  off,  the  plug  again 
disappeared. 


#5 


*  s 


The  figure  reprcsenU  a  portion  of  the  earth  surrounded  by  the  atmosphere, 
the  density  of  which,  as  shewn  by  the  increasing  nearness  of  the  circles, 
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becomes  greater  as  the  eurfai-'e  is  ai>|iroached.  The  ray  of  light  proceedin; 
rTDtn  the  atar  S  is  successively  bent  or  refracted  at  the  pointA  abed  e/  g, 
and  finally  comes  to  the  eye  of  tbe  observer  at  0  in  the  direction  gO,  naturally 
causing  him  to  imiiginc  the  star  to  be  situated  in  the  heavena  at  ^. 
BxplanaUon  It  was  then  explained  to  him  that  air,  io  common  with  all 
transparent  media,  possesses  the  power  of  L>cuding  laya  of  light 
out  of  their  straight  course. 

A  ray  of  light  from  a  celestial  body,  entering  our  atmospherttl 
obliquely,  is  more  aTid  more  bent  down  or  curveii  as  it  approachea 
the  earth,  bo  that  when  it  finally  enters  the  eye,  it  does  so  in  al 
direction  different  to  what  it  had  in  traversing  sjiacc. 

The  denser  the  air  is,  the  greater  the  efi'ect  produced  ;  coa*  I 
Bcquently,  there  is  more  refraction  near  the  surface  of  the  eartlfl 
than  at  several  miles  above  it,  where  tbe  air  is  thinner. 

Water  is  a  much  better  refracting  medium  than  air.  Every  I 
sailor  is  familiar  with  the  bent  appearance  of  an  oar-blade  in  clear  1 
smooth  water,  though  he  may  not  know  the  cau.se.  Literallyl 
speaking,  then,  refraction  enables  us  "  to  see  round  corners." 

See,  then,  how  e%'en  the  evidence  of  our  own  eyes,  upon  which 
we  place  such  implicit  faith,  is  liable  to  deceive  us.     As  refraction 
causes  a  cele.slial  body  to  appear  higher  than  it  really  is,  it  most 
always  be  subtraded  from  the  observed  altitude.     Reference  ttt  J 
Table  IV.  of  Norie  will  shew  that  refr&ctton  is  greatest  near  thai 
liorizon,  and  vanishes  when  the  object  is  in  the  zenith. 


The  question  is  constantly  asked.  Can  you  tell  me  why  it  til 
I  can  so  seldom  get  my  foronoon  and  afternoon  sights  to  agree  f  I 
The  explanation  ia  simple  enough,  and  as  tlie  subject  is  worthy  oC  J 
being  carefully  gone  i:ito,  an  attempt  will  be  made  to  render  it  m 
clear. 

To  simplify  matters,  the  reader  will  be  good  enough  to  snppoas  1 
himself  in  a  vewiel  at  anchor,  in  the  month  of  December,  some  foir 
miles  south-eastward  of  Monte  Video,  and  that  his  diroDometCfS 
an  exactly  correct,  and  liis  position  known  to  a  nicety  by  cross 
bearings  of  Floroa  Island  and  the  Cerra 

Next,  let  us  suppose  that,  owing  to  abnormal  refivction,  the 
^vt  horizon  is  depressed,  say  three  minutes  of  arc.  and  remains  in  that 
condition  all  day. 

I^t  agfata  be  taken  at  aix  o'clock  in  the  morning,  and  again  at 
•iz  in  the  evening.  Fran  the  horizon  being  unduly  depfened. 
these  altitudes  will  be  too  great  by  S  minutes  al  are,  and  whan 
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worked  out  will  in  each  case  give  too  small  an  hour  angle,  with 
the  result  that  the  A.it  sights  will  place  the  ship  4'  of  longitude 
ioriiward  of  her  true  position,  and  the  p.m.  sights  will  place  her 
an  equal  amount  westward  of  her  true  position,  introducing 
thoeby  a  discrepancy  of  8'  of  longitude  between  the  morning 
and  afternoon  sights — though  the  sights  themselves  have  been 
most  carefully  taken,  and  the  ship  has  not  shifted  her  position  in 
the  least 

To  pursue  the  matter  yet  further.  If  the  sights  were  worked 
with  the  incorrect  latitude  obtained  from  the  meridian  altitude, 
still  greater  error  would  result.  The  latitude,  from  having  been 
worked  with  an  altitude  too  great  by  3',  would  itself  be  in  error 
that  amount. 

Now  by  working  the  A.M.  sights  with  too  northerly  a  latitude.  Error  diu  to 
the  resulting  longitude  is  thrown  1  J'  still  further  to  the  eastward  ^J^JJJJ 
— and  in  like  manner,  with  the  p.m.  sights,  the  resulting  longitude 
is  thrown  1^'  still  further  to  the  westward. 

It  follows  that  an  apparently  trivial  error  of  3'  in  the  position 
of  the  sea  horizon  can  very  easily  introduce  a  discrepancy  of 
11'  ID  the  longitude  as  shown  by  A.M.  and  p.m.  sighta  Cases, 
sufficiently  common,  could  be  selected,  depending  upon  latitude, 
declination  and  hour  angle,  where  an  error  of  3'  in  the  place  of 
the  horizon  would  cause  the  A.M.  and  p.m.  longitude  to  differ  as 
much  as  15'  or  16'. 

From  the  foregoing  we  see  that  discrepancy  between  forenoon 
and  afternoon  sights  can  arise  from  the  latitude  used  being 
slightly  incorrect,  also  from  abnormal  refraction,  from  the  course  Error  in 
and  distance  in  the  interval  not  being  altogether  what  it  was  ®*""™*  ■■* 
supposed  to  be,  and  from  badly  graduated  arcs,  as  well  as  other 
imperfections  in  cheap  sextants. 

When  these  causes  all  happen  to  conspire  together  (which 
must  soTMtirMS  be  the  case),  there  may  be  a  very  great  discrep* 
ancy  between  the  A.M.  and  p.m.  observationa  Moreover,  the 
navigator  is  apt  to  lose  sight  of  the  fact  that  he  has  carried  on  his 
longitude  hy  dead  reckoning  for  6  hours,  say  from  9  o'clock  in 
the  morning  till  3  o'clock  in  the  afternoon.  He  is  apt  to  think 
he  had  it  exact  at  noon,  whereas  he  only  had  his  latitude  correct 
at  that  time. 

Again,  to  work  his  sights,  he  is  obliged  to  use  the  latitude  by 
account  worked  back  from  noon  ;  so  that,  taking  all  these  things 
into  consideration/  it  cannot  be  wondered  at  if  there  should 
generally  be  a  discrepancy  of  results. 
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64  A    RED  SEA    EXPERIESCE. 

The  writer  Las  kiiowu   officers  tu  look  with  great  euspicioa 

"  upon  afternoon  sights,  and  openly  state  that  they  never  knew 

them  to  come  out  right,  and  were  not  worth  taking.      The  well 

informed  navigator  will  see  that  they  are  as  much  to  be  relied 

upon  aa  similar  ones  in  the  forenoon." 

In  the  Red  Sea  and  Persian  Gulf,  the  horizon  is  very  liable  to 
displacement  from  the  hot  winds  coming  off  the  scorching  deserta^  , 
and  the  refraction  in  the  day  time  is  generally  in  excess  of  the  \ 
tabular  value. 

The  writer  has  been  enabled  to  practically  demonstrate  this  t 
the  complete  satisfaction  of  his  brother  officeis,  during  a  voya{ 
to  Calcutta  and  back.     It  wsia  alleged  by  those  on  board, 
had  repeatedly  passed  certain  islands   in  the    Red  Sea  known  1 
as  the  Zebayir  and  Hanish  groups,  that  they  were  not  shewn  ] 
relatively  in  tiieir  proper  positions  on  the  chart,  and  to  determin*  I 
the  coiTcctness  of  this  statement  the  writer  devoted  some  COD-  j 
fiiderable  time  and  labour. 

Tlie  Zebayir  Islariila  lie,  roughly  speaking,  about  70  tnilea  \ 
the  northward  and  westward  of  the  Hanish  group,  and  both  t 
them  directly  in  the  track  of  steamers  passing  up  and  down 
The  distance  between  them  is  such,  that  if  one  gioup  should  M^ 
passed  about  sight  time  in  the  morning,  the  other  group  will  be 
passed  abont  sight  time  in  the  afternooaf 

It  was  found  on  the  outward  passage,  when  sights  were  taken 
in  tiie  morning  off  the  Zebayir  group,  that  they  were  apparently 
marked  too  far  west  on  the  chart ;  and  when  similar  observations 
were  made  in  the  afternoon,  the  Uanish  group  appeared  to  be 
shewn  too  far  east  on  the  chart.  This  was  a  serious  business, 
as  tlio  relative  bearing  of  the  two  groups  of  islands  was  thereby 
materially  altered.  The  question,  moreover,  was  ono  iadcpendenb 
of  the  correctness  of  the  clironomi-'ters,  as  the  islands  were  shewn 
retativdy  to  be  out  of  place  somu  7  or  8  miles. 

After  a  veiy  careful  discussion  of  all  the  data  iu  connectioa 
with  the  subject  (including  observations  on  previous  voyages  by 


1  tn  ttill  io  Um  bafatt  af 
u  atruok ;  which  pMfaapa 


*  To  kMp  up  Um  tnJiliuiu  uf  tb*  wia,  xhe 
"nuking  Um  iuu  ont  tha  (orajud  "  u  mwd  m  "otw  ball" 
i  ■ceunliog  to  tbs  uanunt  ut  "  nurtliioK  "  in  Uia  ifng — bu  1 
■  UtUa  oanrUiD  in  tbeir  movameDta  Uter  UD  Id  tlis  lUf .  BdI  U»re  u  •baoloMljr  m 
•vldantM  Vu  tbsw  Uut  ataadjr  "  UU  Sol "  Lhiuki  h>  hu  r»ni«t  Uia  rigbt  Xa  gat  Dpan 
'  ibo  b»a«,"  Of  Ulu  kB  alUnoca  b^  nttiy\j  beckoae  ha  Iuu  •luos  hU  Jutj  la  IuOimK 
•oil  Uia  vuriil  by  paariog  Um  Daridun  up  to  time. 

t  Tb*  omUK  (nd  diMuaa  (cob  Cmtn  Fsak  Iiluid  ut  Iha  Zabayir  (nrnfi,  to  Itlch 
lalasd  oS  tba  Botlta  md  of  Jabai  Kuku,  U  8.  304*  K.  (tnn)  (Jf  ■"'«•■ 
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other  observers),  the  writer  came  to  the  conclusion,  that  in  all 
probability  the  altitudes  of  the  sun  had  been  vitiated  by  excessive 
refraction.  To  test  this,  on  the  passage  home,  sights  were  again 
taken  off  the  Hanish  Islands,  which  this  time  happened  to  he 
passed  in  the  nuyrmng,  and  similar  observations  made  off  the 
Zebayir  Islands,  which  were  passed  in  the  afternoon,  thus  reversing 
the  conditions  of  the  outward  voyage.  The  result  fully  justified 
the  writer's  expectations,  as  the  Hanish  group  were  now  shewn 
too  far  west  on  the  chart,  and  the  Zebayir  Islands  too  far  east, 
while  on  the  outward  passage  just  the  opposite  had  been  the  case. 
So  that  all  this  bother  and  uncertainty  as  to  the  relative  position 
of  two  important  groups  of  islands  was  unmistakeably  proved  to 
be  due  to  errors  of  observation,  arising  from  excessive  refraction. 

These  things  point  strongly  to  the  necessity  for  great  caution  g,^^  oaatioi 
in  the  navigation  of  a  ship.  Nothing  "  slapdash "  should  be  '^•^J"J^|^ 
allowed  in  connection  with  it,  nor  too  much  taken  for  granted. 
Who  can  tell  how  many  wrecks  might  be  traced  to  this  cause, 
which  at  the  time  were  ignorantly  set  doMm  to  some  extraordinary 
''jump  "  of  the  compasses,  or  some  unlooked  for  current  ?  Seamen 
would  do  well  to  give  this  important  subject  the  attention  it 
merita 


CHAPTER    VI 

CHARTS. 

A  few  words  concerning  the  nature  of  Charts,  and  the  difficultj 
of  their  construction,  will  prove  both  interesting  and  instmctive 
to  the  seaman ;  in  any  case,  it  is  only  right  that  he  should  know 
something  about  the  tools  he  has  to  work  with.  To  this  end  he 
should  not  fail  to  peruse  Commander  HuU's  very  able  paper  on 
"  The  Use  of  Admiralty  Charts  in  the  Practice  of  Common  and 
Proper  Piloting/'  to  be  found  in  the  British  Merchant  ServioB 
Journal  for  December,  1880.* 
mmctdtf  of  When  we  attempt  to  represent  any  considerable  portion  of  the 
rtructuwu'  earth's  surface  on  paper,  we  are  at  once  met  by  the  formidable 
difficulty  caused  by  its  curved  form.  A  little  reflection  will 
convince  anyone  that  it  is  impossible  to  make  a  spherical  surface 
like  that  of  our  globe  coincide  exactly  with  a  flat  surface,  such 
as  a  sheet  of  paper. 

If  an  orange  be  cut  in  two,  the  inside  scraped  out  of  one  of 
the  halves,  and  an  attempt  then  made  to  flatten  the  cup-shaped 
rind  on  the  table,  what  would  happen  ?  It  is  certain  that  in  so 
doing  the  edges  would  give  way  and  tear  up  nearly  to  the  centre, 
showing  the  impossibility  of  performing  the  feat  with  a  non- 
elastic  substance. 

It  is  obvious,  therefore,  that  ru>  representation  of  the  earth  on 
a  flat  sheet  of  paper,  such  as  a  chart,  can  exhibit  all  its  parts  in 
their  true  magnitudes  and  relative  positions. 

In  the  construction  of  charts,  it  consequently  becomes  necessary 
to  adopt  such  a  method  of  laying  down  the  places,  which  it  is 
intended  to  depict,  as  will  best  fulfil  the  particular  purpose  for 
which  they  may  be  required.  The  various  methods  adopted  for 
this  purpose  are  called  projections.     Among  them  may  be  enume- 

*  Ix>ndoii :  RichMtbon  k  BmI,  5,  Qaeen^  Head  pMMg«,  Pattmoittr  Row,  E.(X 
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rated   the   Orthographic,    Stereograph ic,    Polyconic,    Gnomonic,  ojuri 
aiid  Mercator'a.      Of  all  these,  the  one  commonly  used  by  the  pwJ'oUw*- 
seaman  is  Mercator'a     It  takes  its  name  from  the  inventor,  who 
originated  the  idea  about  the  year  1556 ;  but  the  true  principles  of 
the  projection  were  not  demonstrated  till  half  a  century  later, 
by  Mr.  Edward  Wright,  of  Caius  College,  Cambridge, 

In  Mercator'a  Chart  the  meridians  are  all  drawn  as  straight  MtreaWr't 
tines  perpendicular  to  the  Equator,  and  at  equal  distances  from  '"'*'*• 
each  other.     The  parallels  of  latitude,  also,  are  represented  by 
ttraighi  lines  parallel  to  the  Equator,  and  also,  like  it,  at  right 
angles  to  tlie  meridians. 

Now,  on  the  actual  globe,  the  degrees  of  latitude  are  {practi- 
cally speaking)  equal  to  each  other,  but  the  degrees  of  longitude 
diminish  as  they  recede  from  the  equator,  and  converge  to  a  point  Vwyiii; 
Bt  the  Poles.     For  example ;  on  the  Equator  a  degree  of  longitude  a^Sw  % 
contains  CO  nautical  miles,  in  the  latitude  of  London  it  contains  lonfituO*. 
S7J  miles,  in  the  latitude  of  60"  North    (say  at  Archangel,   in 
Russia)  it  contains  but  2oJ  miles,  and  ao  goes  on  lessening  in 
the  higher  latitudes,  until  at  the  North  Pole  it  has  no  value 
whatever — which  is  equal  to  saying,  that  there  longitude  has  no 
existence.      An  observer  at  the  North  Pole,  let  him  face  round  as 
he  may,  could  only  look  true  South.     There  ia  no  direction  of  east 
or  west,  by  which  to  convey  the  idea  of  longitude,  and  the  sun 
when  visible  would  always  be  on  the  meridian. 

Since  in  Mercator'a  projection  the  meridians,  as  already  stated, 
are  equidistant  in  every  part,  and  the  degrees  of  longitude  are 
everywhere  made  equal  to  their  dimensions  on  the  Equator ;  it 
becomes  necessary,  in  order  to  preserve  a  due  proportion  between 
them  and  the  degrees  of  latitude,  to  increase  the  length  of  the 
latter  in  a  corresponding  ratio.  From  the  true  proportions  being 
preserved  throughout  between  the  meridians  and  the  parallels,  the 
ihapea  of  the  objects  delineated  on  the  chart  are  in  every  part  ektUi'i  nx- 

correct     But  as  the  lengths  of  the  degrees  both  of  latitude  and  '»«  dl«tort»d 

in  Mvmton 
longitude,  at  a  distance  from  the  Equator,  are  enormously  ex-  projMtion, 
aggcrated,  the  sizes  of  the  objects  in  those  parts  of  the  chart  are 
increased  accordingly :  so  that  the  whole  map,  if  it  comprises 
many  degrees  of  latitude  on  one  side  of  the  Equator,  gives  a  most 
inaccurate  notion  ot  the  relative  magnitudes  of  its  northern  and 
Bouthern  parts. 

For  instance,  looking  at  the  Admiralty  General  Oiart  of  the 
North  Atlantic,  No.  2059.  there  will  be  found  in  Ungava  Bay. 
on  the  north  coast  of  Labrador,  an  island  named  Akpatok  ;   and 
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to  the  southward  of  Cuba,  in  the  Caribbean  Sea,  will  be  found  the 
well-known  island  of  Jamaica.  Anyone  looking  at  the  chart,  and 
unacquainted  with  the  facts  detailed  above,  would  undoubtedly 
think  these  two  islands  were  exactly  of  the  same  length,  and 
would  be  confirmed  in  this  impression  by  actual  measurement 
with  dividers.  But,  following  out  the  rule  governing  ineasure- 
menfcs  on  a  Mercator's  Chart,  whereby  it  becomes  necessary  to 
measure  the  dimensions  of  each  object  in  its  own  parallel  of 
latitude,  it  will  astonish  the  uninitiated  to  find  that  the  island  of 
Akpatok  is  65  miles  in  length,  wliile  that  of  Jamaica  is  130  miles, 
or  exactly  double.  This  example  will  put  the  wary  navigator  on 
his  guard  not  to  trust  to  appearances  without  first  thoroughly 
understanding  the  prindplea  which  govern  them- 

This  defect  in  the  Mercator's  Chart  does  not  in  any  way  detract 
from  its  utility  for  nautical  purposes. 

Its  groat  advantage  to  tbe  sailor  consists  in  the  fact  that — lat, 
the  ship's  course  between  any  two  places,  however  remote,  is 
rqweeait^d  btf  a  straight  line ;  2nd,  thia  line  maket  the  eame  angle 
with  each  meridian.  Therefore,  to  find  the  true  course  (or  rhomb 
line)  on  the  chart  from  any  one  point  to  any  other,  it  is  only 
necessary  to  connect  them  by  a  straight  pencil  line,  and  meaaun 
its  angle  with  any  one  of  the  meridians  which  it  crosses.  This 
may  be  accomplished  with  a  common  horu  protractor ;  or,  as  is 
more  usually  done,  by  transferring  with  a  pair  of  parallel  ruleis 
the  direction  of  the  aforesaid  line  to  tbe  nearest  trtt*  compaas 
diagram,  and  so  at  once  read  otf  the  course  or  bearing  in  pointa 
and  quarter  iwiuts.  If  this  course  con  be  carefully  preserved,  the 
port  bound  to  will  in  due  time  bo  reached. 

lu  the  chapter  on  Oreat  Circle  Sailing  it  will  be  demonstrated 
that,  in  following  up  this  subject,   there   are   other  importaot 
matters  to  be  taken  into  consideration  by  the  man  who  wishes  to 
BUbecribe  himself  "  Yours  truly,  A  Master  Mariner." 
V'Sbnator's  This  projection  of  Mercator's  ia  not  exact  in  very  high  latitudos, 

IB  Twy  hiok  because  cross-bcariugs  of  several  distant  visible  objects,  which  are 

" in  fact  the  same  as  Great  Circle  courses,  are  projected  on  the  chart 

as  straight  lines,  when  they  are  in  reality  curves ;  therefore  their 
intersections  will  not  agree ;  or,  three  objects  seen  in  range  will  not, 
wbeo  projected  in  their  trae  places  on  tliu  chart,  lie  in  a  straight 
lino.  For  this  reason  Mercator's  Charts  would  not  be  suitable 
for  Polar  navigatioiL  Indeed  they  could  not  bo  drawn  by  tba 
draughtsman,  since,  according  to  the  principles  of  the  projection,  tbe 
poles  are  at  an  infinite  diatance,  and  could  not  be  shewn  on  paper. 
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From  the  foregoing  it  will  be  apparent  that  a  Mercator's  Chart 
gives  a  very  incorrect  representation  of  the  earth's  surface ;  but, 
of  all  the  known  projections,  it  is  the  one  best  adapted  to  the 
wants  of  the  seaman,  and  has  therefore,  with  the  exception  just 
given,  been  universally  adopted  for  his  guidance. 

To  treat  of  the  other  projections  of  the  sphere — more  especially 
the  (jnomonic — would  be  to  trench  on  the  surveyor's  ground,  which 
18  not  the  intention  of  this  work.  For  harbour  plans  the  earth  HaiiMiir 
is  considered  a  plane,  and  no  account  whatever  is  taken  of  its 
corvatore,  which  would  be  quite  inappreciable  within  the  confined 
fimits  of  such  a  survey. 

In  providing  his  ship  with  charts,  it  will  be  a  matter  for  the 
navigator's  consideration  as  to  whether  he  should  procure  Admi-  Admindtj 
ralty  or  Blue-backed  Charta     On  this  point  there  is  considerable  ^^^^^^"^ 
diversity  of  opinion,  though  it  would  appear  of  late  years  as  if 
the  former  were  gaining  favour,  and  becoming  more  popular  with 
the  public. 

It  is  the  opinion  of  the  writer  that  none  can  compare  with 
those  issued  by  the  Hydrographic  Office  of  our  own  Admiralty, 
that  of  the  French  (Government,  and  the  United  States  of  America. 
In  the  first  place,  they  are  wonderfully  cheap,  which  is  ofttimes 
a  consideration ;  in  the  next  place,  they  are  ojfficial  documents, 
onanating  from  the  highest  authorities ;  and  it  would  probably 
be  safer  to  get  your  ship  ashore  through  any  omission  or  error 
in  a  (government  C!hart,  than  through  a  similar  one  in  a  "  blue 
chart,"  especially  as  it  will  sometimes  happen  that  the  first- 
named  possess  the  very  latest  information,  which  the  others 
may  not 

Some  recent  decisions  at  "  Board  of  Trade  enquiriea  into  the 
loeaea  of  ahipa,"  go  to  show  that  the  authorities  display  a  prefer-  Admiralty 
enoe  for  the  Admiralty  Chart     No  doubt  the  proprietors  of  the  ^^^j?*" 
"Bine-backs"  do  all  in  their  power  to  get  the  "latest  corrections,"  Ckmrto  of 
and  keep  their  works  up  to  the  mark;  but  it  is  difficult  to  see  how    *^*^' 
they  can  successfully  compete  with  a  Government  office,  possessing 
a  hundred  times  their  resources.    Though  they  do  their  best,  they 
can  only  in  many  cases  get  their  information  second-hand. 

By  way  of  affording  a  standard  of  comparison,  it  may  be 
stated  that  the  Hydrographic  Office,  in  London,  issues  and  keeps 
up  to  date  some  2,600  charts,  against  about  300  issued  by.  the 
laigest  of  the  private  publishers.  These  figures  speak  for  them- 
selves. 

To  the  mind  of  the  writer,  the  Admiralty  publications  offer 
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superior  advantages.  They  are  almost  invariably  011  aa  appro- 
priate sc^e ;  their  delineation  is  remarkable  for  Ws  clearnefia ;  a 
glance  tells  which  is  land  and  which  is  water ;  correct  jnagnetui 
compass  diagrams  (except  on  General  Ocean  Charts)  are  inserted 
at  convenient  intervals,  and  the  charts  themselves  are  never  cum- 
bersome in  point  of  size.  They  leave  no  wants  unsappUed  by 
showing  too  little,  nor  do  they  confuse  by  showing  too  mttclL 
The  art  of  the  draughtsman  and  engraver  is  exhibited  in  all  the 
details,  and  not  the  least  advantage  is  the  uniformity  of  system 
which  characterizes  each  one* 

The  use  of  charts  where  true  and  magnetic  compass-diagrams 
are  superposed  one  on  the  other — that  is  to  say — are  drawn  from 
the  same  centre,  is  fraught  with  danger.  It  is  at  best  but  a  com- 
plicated arrangement,  very  apt  to  give  rise  to  mistakes  at  critical 
times,  —  indeed  the  writer  has  known  it  to  do  so,  and  on  one 
occasion  the  vessel  got  ashore  in  consequence. 

Compaq  diagrams,  except  on  Ocean  Charts,  should  only  shew 
the  correct  magnetic  points.     If  the  true  bearing  or  couru  be 


*  A  niTidwer  of  the  lit  Ed.  of  "  'n'riDklet,"  in  k  wetl-kDoitD  periodical,  for  wUdl 
tlw  wiitat  of  Ihaie  page*  bu  ont  oal;  roach  Tenentioo,  bnt  likewiie  »  loving  nitard^ 
CO0II/  Riggeited  thU  the  pumgnplu  bATiDg  refereuoe  to  ''  Blne-backa  "  •hoald  b* 
tv-nritten  in  >  mote  fnvoontble  (ttmin,  m  in  bia  (ibc  reliever's)  o|Niiioii,  tbaj  bcav 
unjuitlj  Qpoa  th«  publicitioBi  in  qnieetiDn.  The  writer  Tegreti  that  hit  cooirictiaaA 
will  Bot  klloi*  him  to  oompljr  with  thit  modeit  nggtitioD,  and  that  ia  •tadjing  tlM 
■ulor'a  interest*  he  ii  obliged  to  mn  coanter  to  thoM  o(  other  people.  Id  thu  t 
of  chut* — Ki  Ions  ■*  preteat  conditioat  eiiat — the  writer'i  colonri  are  ' '  nuted 
mut,"  and  whilit  freely  admitting  the  meritorioui  chmotar  of  the  work  dm*  hf 
priTkla  firm*  long  before  the  mu^iiery  of  the  Bydrognphic  Department  ol 
Adminltj  had  attauwd  it*  present  eiccllenoe,  be  think*  the  day  at  "  Blue-back*  " 
depaiivd,  and  that  it  i*  only  a  qneation  at  time  m  to  when  they  will  be  oompietalj 
•niiflad  oat  by  th«  OTerwbelming  monroca  M  conUDaod  of  the  Q> 
aothing  of  the  bonndle**  adrantagee  aSorded  by  as  m^imiltd  tiehtqarr.  It 
itry  long  rince  the  GoTemment,  for  the  good  of  the  Commonwealth,  took  orar  tlM 
telegraph  line*  from  the  private  compauie*,  and  nmilarly  tor  a  few  thuuiaad*  tb«y 
might  buy  Dp  the  chart  pabluhen,  who,  a*  Gmj  of  long-itanding  repatatioo, 
groan  under  the  hardthjp  of  ••eing  Lheir  mean*  of  livetihood  altiwly  but  eurely  oadaik 
ruDsd  by  an  all-powerfal  de^ttitnwDt,  againrt  which  it  ij  impoBibla,  in  the  nattu*  «( 
thing*,  they  can  hope  to  oompata  on  KDyUung  tike  equal  term*.  Siooe  in  tha*  p*g<M 
the  aothor  hM  BBomed  the  rSU  of  guide,  be  i*  oonatrained  to  exprea*  an  honaat  opioios 
In  all  that  oonoanu  hi*  brother  Hamen,  notwithrtinding  that  doing  eo  mean*  a  peonal* 
M7  Im«  to  Uakaall,  inaamoob  a*  oartjun  "  Cheap  John*  "  in  the  '-  *hoptician  "  way  of 
IliMlniM,  wlw  Moagaii*  their  own  portrut*  hen  and  there  Ihroaghoat  th«  book,  ba«a 
bol  enlj  i1f  lln*^  to  •*[!  "  Wrinklea"  thamielrea,  bat  bate  andeaToof*!  to  preii 
othnl  dung  u.  The  innate  lore  of  fair  play— *o  atrong  a  characterittio  of  Britoaa 
— wHI  buwarer,  capaiie  any  attempt  to  "  Boycott "  the  book,  and  indeed  the  oall  tor 
Motbar  editlim  in  *o  thort  a  time  aban  that  the  gentry  in  •lueaRoa  may  a*  well 
I*  Maat  and  throw  up  ^  (paac*^  ^  ^  bmI  pr<: 
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required.  Field's  parallel  ruler,  or  a  protractor  of  any  kind,  will 
give  it  witii  far  greater  accuracy  tiban  a  diagram  of  the  kind 
referred  to,  which  is  seldom  divided  to  anything  under  quarter- 
pointa 

A  great  drawback  to  **  Blue  charts "  is  the  absence,  in  many 
inj^-^y*^**^,  of  the  heights  of  mountain  ranges,  peaks,  hills,  islands, 
and  lighthouses.  These  are  all  of  great  assistance  in  navigation, 
and  no  chart  is  complete  without  then).  Lighthouse  heights, 
when  not  on  the  chart,  can,  it  is  true,  be  got  from  the  lighthouse- 
book,  but  it  is  more  convenient  to  have  them  on  the  chart. 

Admiralty  charts  can  be  backed  with  "  brown  holland,"  which,  souaad  na^ 
80  far  as  the  material  is  concerned,  makes  them  last  almost  for  I?!!'??*?*!" 
ever;  but  it  increases  the  expense,  and,  seeing  that  some  sheets  in  ipeoiai 
are  continually  having  alterations  made  in  them,  according  as  the 
banks  and  channels  shift  about,  it  is  not  advisable  to  resort  to 
backing.* 

Except,  perhaps,  for  the  smaller  class  of  vessels,  where  the 
Captain  buys  his  own  charts,  the  unwieldy  "  blue-back  "  has  had 
its  day,  and  it  is  only  a  question  of  "  How  long  ? "  until  it  is 
superseded  by  the  cheaper  and  handier  productions  of  the  Admi- 
ralty. As  a  result  of  trying  to  make  them  suit  all  purposes* 
the  scale  of  the  blue  charts  is,  in  general,  too  large  for  ocean 
wjongaticn. 

In  case  an  Admiralty  sheet  should  be  destroyed  by  the  cap- 
sizing of  an  ink  bottle,  the  spilling  of  lamp  oil,  or  any  of  the 
accidents  which  do  happen,  it  is  merely  a  loss  of  from  one  to  five 
shillings ;  whereas,  when  its  rival  comes  to  grief,  it  cannot  be 
replaced  under  from  ten  to  fifteen  shillings.  Moreover,  the  extra 
cost  of  the  latter  offers  temptation  to  keep  it  in  use  till  completely 
oat  of  date,  and  so  marked  and  smudged  as  to  be  in  many  places 
ilkgible — a  circumstance  likely  to  lead  to  disaster,  if  indeed  it  has 
not  already  done  sa    The  Board  of  Trade  has  lately  become  very 


*  la  tiia  onw  of  Magnetio  Cluurts  of  the  World,  which  are  only  published  about 
mob  ia  ten  Tean^  of  oomie  **  backiiig  "  b  adviBable,  and  here  is  the  way  to  do  it : — 
Wi]B|r  tbe  brown  hoUaad  well  out  in  oold  water,  and  then  tack  it  round  the  edge  of  % 
dnwias-boaxd  or  amall  kitdien  table:  rub  the  paste  on  to  the  holland  with  a  hard 
k«k :  dAmp  tiia  ftodfc  of  the  chart  with  %  sponge  until  the  face  looks  dull,  then  roll 
il  tfealy  ap  on  »  dMB,  imoothly-tumed  wooden  roller  :  place  this  on  the  near  side  of 
tks  hnfland,  and  vmroll  oaiefnlly :  leave  it  until  all  is  quite  dry. 

Thib  paste  ahmild  be  made  with  best  flour,  mixed  very  thick  with  cold  water.  To  a 
issBsri-spoonfiil  of  brown  sugar  add  five  drops  of  oil  of  lavender,  and  five  drops  of 
soRonre  sublimate ;  mix  thii  well  up  with  the  flour  and  water,  and  then  add  perfectly 
boibiig  water  to  the  thickness  of  oustard. 


72 


MOUyTIHa  CHARTS  ON   WOOD. 


Trad  a  Notice 
teqnlrlOK 
oorrectloiu 
«<IbM  of 


driwan  pre- 
^^     oluirt  n«kft 


particular  on  this  point,  and  one  o£  the  official  notices  directs  the 
attention  of  sliipowners,  and  their  servants  and  agents,  to  the 
necessity  of  seeing  that  the  charts  taken  or  sent  on  board  theit 
ships  aTe  corrected  down  to  the  time  of  tailing. 

With  the  Admiralty  chart  the  sailor  can  see  at  a  glance  if  hs  J 
has  the  latest  information.      The  year  and  the  month  of  tht 
various  corrections  are  engraved  at  the  foot ;     should  the  c 
rection  be  large,  the  notation  is  made  against  the  imprint ; 
small,  it  is  given  in  the  left-hand  bottom  corner ;  thus  an  i 
miralty  chart  tells  ita  owii  history.     Perhaps  some  day  the  prival 
publishers  may  sec  the  advantage  of  adopting  the  same  system,   i 

Charts  should  invariably  be  kept  on  their  Hats,  ready  for  i 
rulers  to  sli^le  over  them,  instca<I  of  being  rolled  up,  and  foldiaj 
tliem  should  be  avoided  if  possible.     Rolled  paper  is  on  abom 
tioM  at  all  times — 

"  It  wUl  and  it  won't, 
It  can't  and  it  ilon't ;° 
and  if  you  lose  your  temper,  you  tear  it,  and  so  make  bad  i 
Every  vessel,  therefore,  should  be  provided  with  shallow  chai 
drawers,  say  3  ft.  9  in.  long,  by  2  ft,  wide  and  4  in.  deep, 
sheets  can  then  be  numbered  and  classified,  and  ao  are  ready  fdl 
use  at  a  moment's  notice. 

When  the  writer  some  years  ago  was  in  the  habit  of  navigating 
Magellan  Strait  and  the  many  hundred  miles  of  intricate  cluuineU 
leading  from  it  to  tho  Gulf  of  Penas,  and  thence  to  Chiloe,  it  was 
necessary  to  keep  the  charts  and  plans  on  the  bridge  for  constant 
reference ;  but  seeing  that  the  climate  of  that  region  is  probably 
about  the  roost  rainy  and  tempestuous  in  the  world,  means  had  to 
be  devised  to  protect  the  charts  from  the  weather,  or  they  would 
speedily  have  become  so  much  pntp.  This  was  accomplished  as 
follows. 

First  of  all,  the  sheets  of  the  various  channels  wore  cut  up  into 
convenient  lengths,  and  the  carpenter  was  brought  into  requisition 
M  mako  teak-wood  backings  for  tliom  of  well  seasoned  half-inch 
stuff,  dressed  smooth.  The  backing  was  made  an  inch  longer  and 
broader  than  the  chart  or  plan  it  was  intended  to  recoi\'e. 

Next,  some  'sixe"  was  mwlo  by  tilling  a  breakfast  cup  with 
iNinglaM,  and  pouring  on  it  as  much  boiling  water  aa  the  cup 
would  hold.  After  the  'size'  ha<t  cooled,  and  was  just  beginaing 
to  thicken,  both  std'»  of  tliu  chart  got  several  good  coats,  nibbed 
in  with  a  soft  brush  as  fast  ra  the  paper  would  take  it.  When 
the  '  suce '  wu  well  absorbed  and  hail  |>nrtially  dried,  the  hack 
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was  treated  with  flour  paste  free  from  lumps,  and  laid  on  smoothly, 
after  which  the  chart  was  put  down  on  the  teak-wood :  this  had 
to  be  done  very  carefuUy  to  avoid  creasea 

To  make  the  paper  lie  evenly  and  to  prevent  air-bubbles  from 
remaining  underneath,  a  wooden  roller  was  run  from  top  to  bottom 
and  back  again.  This  rolling  process  must  not  be  overdone,  or  it 
will  cause  distortion;  and  it  is  as  well  to  place  the  roller  on  the 
middle  of  the  sheet  at  starting,  and  roll  from  you,  and  then  back 
again  the  whole  way ;  this  with  a  turn  or  two  sideways  ought  to 
be  sufficient. 

When  the  chart  had  thoroughly  dried  on  the  board,  both  it  and 
the  teak- wood  received  three  flowing  coats  of  white  varnish,  made  ^ii^n 
by  mixing  Canada  balsam  with  twice  its  weight  of  best  oil  of  *•*■■■'• 
turpentine.     Each  coat  was  laid  on  with  a  broad,  flat,  camel-hair 
brush,  and  allowed  to  get  perfectly  hard  before  the  next  was 
applied. 

When  treated  in  this  manner  the  charts  were  completely 
weather-proof,  and  equal  to  any  amount  of  rough  usaga  Should 
the  "  size  "  in  the  cup  get  hard  like  jelly,  a  few  minutes  on  the 
stove  will  bring  it  back  to  a  proper  consistency. 

Many  vessels  have  been  lost  owing  to  their  being  economi- 
cally (?)  navigated  near  land  by  small  scale  charts,  which  cannot 
possibly  shew  coast  danf^era 

Whaarton,*  in  alluding  to  the  increasing  necessity  for  large 
scale  charts  constructed  from  detailed  surveys,  says  : — "  A  steamer 
works  against  time;  her  paying  capabilities  largely  depend  on 
her  getting  quickly  from  port  to  port,  and  captains  will  take 
every  practicable  short  cut  that  offers,  and  shave  round  capes  and  onttiiiir  off 
ecvners  in  a  manner  to  be  deprecated,  but  which  will  continue  as  HaTigatkni. 
kng  as  celerity  is  an  object  A  channel  which  a  sailing  vessel 
will  work  through  in  perfect  safety,  from  the  obvious  necessity  of 
keeping  a  certain  distance  off  shore,  for  fear  of  failing  wind, 
mJMng  stays,  &a,  will  be  the  scene  of  the  wreck  of  many  a  steamer, 
frran  the  inveterate  love  of  shortening  distances,  and  going  iK>o 
near  to  dangerous  coasts  only  imperfectly  surveyed  Better 
diarts  will  not  cure  navigators  of  this  propensity,  but  will  save 
many  disasters  by  revealing  unknown  dangers  near  the  land" 

Oaptain  Wharton  might  have  added  that  this  "short  cut 
navigation "  is  not  only  due  to  fierce  competition  in  trade,  but 
mifortunately  to  an  unwise  rivalry  among  seamen  themselves,  and 
an  utter  disregard  on  their  part  of  the  maxim  "  Let  every  man 

*  Hydrographieal  Surveying,  page  52. 
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fiteer  by  his  own  compass."  Because  Mr.  Brown  and  Mr.  Jones 
do  certain  things  which  look  very  like  patting  their  heads  in  the 
fire,  Mr.  Robinson— even  against  his  better  judgment — ^thinks  he 
must  do  the  same,  and  so  the  thing  goes  on  till  the  weakest  comes 
to  the  walL 

Charts  and  Sailing  Directories  are  as  much  part  of  the  ship's 
^iJI^^OliJurtaL  equipment  as  the  Compass  or  the  Lead,  and  should  be  provided 
by  the  owner.  When  the  captain  has  no  longer  to  pay  for  them» 
he  will  keep  a  better  stock,  and  not  take  his  ship  all  over  the 
world  by  one  or  two  general  charts,  to  the  manifest  risk  of  life 
and  property. 

There  is  a  small  sheet  published  (price  6d.)  shewing  the  signs 
and  abbreviations  adopted  in  the  Admiralty  charta  It  is  worth 
having. 


CHAPTER   VII 

THE    PABALLEL    BULEB. 

This,  in  its  commonest  form,  is  an  instrument  so  very  familiar 
to  tiie  seaman,  and  withal  so  simple  in  itself,  that  it  may  seem 
unnecessary  to  refer  to  it ;  nevertheless,  there  is  something  to  be 
said  even  about  the  parallel  ruler,  and  it  may  so  happen  that  that 
womdhinff — or  a  portion  of  it — may  be  new  to  the  reader. 

The  ordinary  black  ruler,  with  brass  joints,  is  usually  employed 
to  trcmxfer  the  direction  of  a  bearing  or  course  to  the  nearest 
compass  diagram  on  the  chart,  whereby  to  ascertain  its  name  and 
value.  Now,  in  ocean  charts,  where  compass  diagrams  are  very 
properly  few  and  far  between,  a  great  deal  of  slipping  and  sliding, 
and  trying  back,  as  well  as  "smudging"  of  the  chart,  may  be  saved,  pj^i^., 
and  much  greater  accuracy  ensured,  by  the  use  of  a  kindred  improred 
instrument,  known  as  **  Captain  FieUTs  Improved  Parallel  Ruler."  Eutor. 


Apparently,  at  first  sight,  it  only  differs  from  the  other  in 
bring  made  of  boxwood  instead  of  ebony ;  but  a  closer  inspection 
reveals  that  one  of  its  edges  is  divided  into  degrees,  similar  to 
the  6-inch  ivory  protractor  found  in  most  small  cases  of  mathe- 
matical instruments;  the  opposite  edge  is  also  divided,  but  in 
pomts,  half-points,  and  quarter-points ;  these  latter,  however,  are 
never  likely  to  be  used,  as  the  degree  marked  side  of  the  ruler  is 
preferabla 

The  advantage  derived  from  this  instrument  is,  that  by  laying  how  to  vm  it 
it  down  on  the  course  you  wish  to  determine,  so  that  its  centre 
mark  shall  be  on  a  meridian  line,  you  at  once  read  off  the  true 
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course  on  the  divided   edge,   whei-e  it   ia  cut   by  the  afor 
meridimi  line. 

Few  things  can  be  neater  or  haadier  in  practice,  and  it  gin 
the  course  in  degrees  (and  by  estimation,  to  parts  of  a  de^ 
ijvith  an  accuracy  but  little  short  of  that  obtained  by  actual  c 
r.  putatioD.  The  ruler  is  to  be  had  in  three  sizes ;  but  the  tiV 
smaller  ones,  from  the  minuteness  of  the  angular  divisions,  t 
not  to  be  recommended.  The  24-iuch  ruler  will  be  found  ' 
convenient,  and  the  marking  clear  and  well  defined.  .After  it  b 
been  in  use  a  little  time,  get  it  cleaned  and  Fre^ich-polisKed. 

The  ordinary  parallel  ruler,  or  indeed  a  straight-edge  of  any.  I 
kind,  when  ust.-d  in  conjunction  with  a  common  scmi-circulair  I 
horn  protractor,  will  givo  cijual  satisfaction.  If  you  have  not  k  I 
born  protractor,  it  can  ho  procured  for  three  shillings  or  so  at  any  I 
optician's.  Do  not  get  one  with  a  less  radius  than  3J  or  i  inchoi 
which  is  a  good  serviceable  size. 

To  use  it.  proceed  as  follows  : — 

Having  the  chart  on  the  table,  with  its  north  side  from  yoo  a 
asual,  lay  the  straight-edge  over  the  course  yoa  wish  to  steer  OV^ 
determine,  and  place  close  against  it  (edge  to  edge)  the  bora  J 
protractor,  sliding  the  latter  along  (its  strEught  side  being  alwajl 
in  contact  with  the  ruler)  till  itg  centre  mark  comes  fair  over  a 
nuridian  line  on  the  chart ;  the  exact  true  course  in  degrees  an^ 
half  d^rees  will  be  found  at  the  circumference,  where  the  latt 
is  cut  by  the  aama  meridian  line,  thus : — 


In  this  particular  case  it  ia  N.  70'  E.  or  S.  70"  W  (truc> 

Almost  every  one  going  to  sea  ofta/T  the  mast,  has  a  gant«m 

acale,  wbich  would  answer  firat-rat*  with  the  horn  protractor  in 

the  manner  just  described  ;  but  if  there  should  not  be  ooo.  and 

the  parallal  ruler  bo  broken  or  lost,  any  lath  or  piece  of  wood. 
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dressed  straight  with  the  carpenter's  trying-plane,  would  do  just 
as  welL 

The  horn  protractor  can,  however,  be  rendered  of  equal  service 
mtiunU  any  kind  of  straight-edge,  by  the  simplest  possible  con- 
trivance. 

Bore  a  fine  needle-hole  at  its  centre  mark,  and  another  about  a  Howtofltaa 
quarter  of  an  inch  or  so  below  it ;  through  these  two  holes  reeve 
a  couple  of  feet  of  sewing  cotton  (silk  is  better),  and  knot  one 
end ;  keep  the  knot  on  the  ixyp  side  of  the  lower  hole,  so  that  it 
may  not  prevent  the  protractor  from  lying  flat  on  the  chart,  and 
bring  the  other  end  up  through  the  puncture  at  the  cewtral  point, 
aud  haol  it  tight. 

To  ascertain  a  course  or  bearing,  it  is  merely  necessary  to  lay 
the  horn  protractor,  with  its  zero  line  on  any  convenient  meridian, 
sliding  it  towards  the  north  or  south,  so  that  the  thread  when 
stretched  may  lie  exactly  over  the  two  positions  on  the  chart 
between  whidi  it  is  required  to  know  the  course,  thus : — 


In  ibe  disgnuD,  A  repreflents  the  knotted  end  of  the  thread ;  B^  the  centre 
liofe  throogfa  which  the  thread  comes  up ;  JSF^  the  zero  line  of  the  protractor, 
liid  exactly  over  OH,  a  meridian  line ;  CD,  two  positions  on  the  chart 
between  which  it  is  required  to  know  the  course ;  the  line  BJCDI  represents 
the  thread.  The  true  course  (N.  80^  E.  or  S.  80^  W.)  will  be  found  at  J, 
where  the  margin  of  the  protractor  is  cut  by  the  thread. 

The  oblong  ivory  protractor  already  mentioned  could  be  used  in  ouong  iTorj 
a  precisely  similar  manner,  but  the  horn  one  has  the  advantages  *^*^*®**'' 
of  transparency  and  larger  marginal  divisions.     Both  are  divided 


78 


IVOEY  AS'D   BOXWOOD   PROTRACTORS. 


1 


From  zero  at  E  and  ^  up  to  90'  at  tlie  midille  line,  and  when  I 
uaing  them  in  the  manner  indicated  above,  the  course  is  in  each! 
case  to  be  reckoned  from  North  or  South  towards  East  or  Weal^l 
as  the  case  may  be. 

Aa  already  explained  in  a  previous  chapter,  the  course  betweeiKl 

any  two  places  on  a  Mercaior's  chart  ie  the  angle  which  a  ttraigliiu 

tine  connecting  them  makes  u-ith  the  meridian. 

Trua.  owTMt       Here  seems  a  good  place  to  say  a  few  words  about  CoijbsE8i| 

"-' So  far,  reference  has  merely  been  made  to  the  true  ctmrie;  wbei 

the  Variation  has  been  applied,  it  becomes  the  correct  magt 
course;  and  when  the  Deviation  has  been  applied  to  this  last,  ilfl 
becomes  the  compass  course,  or  the  one  which  is  to  be  BCttU 
steered  by  that  particular  compass  for  which  the  deviation  I 
been  allowed.     The  navigator  will  do  well,  then,  to  bear  in  min 
that  there  is — lat,  the  Ti-ue  Course;   2nd,  the  Correct  Ma^ 
Course  ;  and  3rd,  the  Compass  Course.     Do  not  get  confused,  I 
keep  these  courses  distinct  in  your  mind,  and  avoid  calling  thca 
by  names  other  than  those  here  giveu- 
DarlaUonsad      One  word  about  Deviation.     It  is  too  often  mixed  ap  ' 

Local  Attraction,  the  two  «xpressions  being  ased  inditferently  fc 
mean  the  same  thing.  This  is  wrong,  as  they  are  entirely  distl 
The  Srat  named  is  due  to  causes  within  the  ship  herself;  the  lattc 
to  outside  iuduencea.     Remember  this. 

For  laying  off  courses  apS  above,  the  writer  had  made  to  c 
an  ivory  protractor,  10  inches  by  3  inches.  This  size  admits  ( 
good  large  divisions,  but  it  is  expensive.  A  similar  one  in  1 
wood  would  cost  less,  and  probably  be  practically  as  good.  Thi 
only  thing  that  can  be  said  against  boxwood  is  its  greater  liabili^ 
to  chip  at  the  edges. 

Ebonite  scales  and  protractors  arc  found  to  answer  weil,  i 
do  not  expand   or  contract  so  much   as   other   sorts,   but  1 
extreme  refinement  is  a  thing  apart  from  our  subject,  and  nei 
Dot  be  considered. 
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CHAPTER    VIIL 

DIVIDERS. 

To  give  a  "natty  man"  satisfaction  in  their  use,  dividers 
should  be  of  good  quality.    The  points  must  be  fine,  and  formed 
of  well  tempered  steel  that  cannot  be  bent  or  blunted.    Above  all,  Btatf  potnti 
the/oml  should  be  good,  for  if  not,  it  will  be  provokingly  difficult  SJJiS!]^^^ 
to  set  the  l^s  to  any  required  distance,  on  account  of  the  spring  i^inti. 
and  want  of  uniformity  in  their  motion.    A  pair  of  dividers  with 
an  indifferent  joint,  when  being  opened  or  closed,  will  move  by 
fits  and  starts,  and  either  go  beyond  the  measurement  required  or 
stop  short  of  it.   The  joint  should  also  be  stiff  enough  in  its  action 
to  hold  the  l^s  in  any  required  position  without  fear  of  alteration 
when  handled  with  ordinary  cara     These  are  the  things  which 
require  to  be  tested  when  'making  a  purchasa     Instrument  cases 
always  contain  a  key  for  tightening  up  the  joints  of  the  dividers 
when  they  work  slack.    What  are  known  as  Hair  Dividers  give  HaSrDtfidtrf 
very  exact  measurements,  but  for  sea  use  they  are  too  good,  and 
too  costly. 

It  is  convenient  to  have  a  small  bracket  fastened  on  to  the  BradEtt  for 
bulkhead  over  the  chart  table,  to  contain  two  pairs  of  dividers —  Wyidin. 
large  and  smalL  Screw  a  piece  of  polished  mahogany  8  inches 
long  by  3  inches  broad,  and  |  inch  thick,  flat  against  the  bulk- 
Lead.  About  two-thirds  of  the  distance  from  the  bottom  insert  a 
couple  of  brass  eyes  side  by  sida  The  dividers  may  be  shipped 
into  these,  and  their  points  rest  on  a  |-inch  ledge  or  shelf,  forming 
a  foot  to  the  bracket.  This  shelf  should  have  a  moderately  thin 
piece  of  india-rubber  let  flush  into  its  upper  surface,  as  a  bed  to 
receive  the  points  without  injury  when  dropped  hurriedly  into 
their  placa  To  a  landsman  all  this  may  seem  needless  trouble, 
but  the  Bailor  knows  the  value  of  the  maxim — "A  place  for  every- 
thing, and  everything  in  its  placa"  Moreover,  a  ship  roUs  and 
tumbles  about  in  all  directions — a  house  does  not ;  so  that  afloat 
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it  ifl  absolutely  necessary  to  have  safe  places  of  deposit  for  other 
things  besides  glass  and  crockery. 

There  is  a  very  neat  little  American  "  dodge  "  for  holding  pens, 
which  can  bo  purchased  in  Liverpool  for  a  few  pence,  and  is  very 
useful  It  consists  of  a  spiral  spring  secured  to  a  thin  back 
plate,  and  the  whole  is  gildeii,  and  looks  quite  ornamental.  The 
pen  is  held  between  any  two  parts  of  the  spring.  One  of  these 
ingenious  little  contrivancea  will  contain  four  or  five  pens  or 
pencils.  It  is  secured  to  tbe  bulkhead  by  s  small  screw  at  top  i 
and  bottouL 
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When  a  ship  is  rolling  violently,  and  it  becomea  Doceasary  to 
consult  a  chart,  every  seaman  is  aware  of  the  difBcolty  ex- 
perienced  in  keeping  the  chart  and  parallel  ruler  on  tbe  table 
with  one  hand,  whiLit  with  the  other  he  is  trying  to  manipulate 
tat  the  dividers.  Some  clever  fellow,  who  has  evidently  been  pretty 
often  in  this  fix,  has  invented  a  pair  of  dividers  /or  tut  with  oae 
hand,  which  are  worthy  of  coming  into  general  use.  They  wen 
first  shown  to  the  writer  by  the  captain  of  a  schooner- yacht  on 
the  Clyde,  who  claimed  to  be  the  inventor.  The  dividers  am 
represented  above,  and  it  will  bo  la^a  that  they  are  opened  by  a 
pressure  of  the  palm  of  the  hand  on  the  circular  part,  which 
the  legs  to  overlap  (Mich  other  and  the  pointa  to  separate. 
The  closing  movement  is  readily  controlled  by  the  thumb  and 
forefinger,  which,  for  this  purpose,  act  against  the  palm  pressure. 
As  they  are  unpatented,  they  can  be  ordered  from  any  instrument 
maker,  and  can  be  made  with  any  degree  of  finish  '  to  mt  Ua 
pocktt "  of  tliQ  purdiaocr. 
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CHAPTER  IX. 

THB   PELOBUS^    WIPH   REMARKS    OK   AZIMUTHS. 

This  valuable  instrument,  the  invention  of  Lieutenant  Friend^ 
RN.,  deserves  more  than  a  mere  passing  notica  Its  utility  is  so 
great  that  every  iron  ship  should  be  provided  with  ona 

The  Pelorus  is  a  dumb  card — ^that  is  to  say,  a  compass  card  unih-  j^^j^^^^  ^^^ 

out  need^€9 — ^made  of  brass,  entirely  unmagiietic,  and  not  partaking 

in  any  way  of  the  character  of  a  compass,  except  that  its  face 

shows  the  points  and  degrees  in  the  usual  manner.     The  card  is 

something  less  than  7  inches  in  diameter,  and  is  mounted  on 

gimbals,   which,   in   conjunction   with  a  central   balance-weight 

suspended  from  the  under  side  of  the  instrument,  enables  it  to 

preserve  its  horizontality,  whatever  the  motion  of  the  ship  may  be. 

The  card  revolves  on  an  upright  pivot  like  a  "  teetotum,"    This 

pivot  also  serves  to  carry  the  sight  vanes,  which  can  revolve 

upon  it  independently  of  the  card,  or  can  be  secured  to  it  at 

pleasure  by  a  large  milled-headed  screw  surmounting  the  pivot. 

One  of  the  uprights  of  the  sight  vane  is  fitted  with  a  thread,  and 

has  a  hinged  mirror  or  speculum  at  its  base,  and  the  other  has  a 

ooloared  eye-screen,  which  is  made  to  slide  up  and  down  the  bar  at 

wilL    A  fore-and-aft  mark  on  the  inner  ring  does  duty  as  the 

labber*8  point  or  ship's  head,  and  another  smaller  milled-headed 

screw  on  the  fore  part  enables  the  card  to  be  clamped  to  this 

mark  at  any  desired  course  without  fear  of  shifting.      The  whole 

thing  is  so  simple,  that  cmj/one  looking  at  it  can  understand  the 

arrangement  in  less  than  five  minutes.     The  apparatus  is  enclosed 

in  a  mahogany  box  some  eleven  inches  square,  and  from  which  it 

is  inseparabla 

The  patent-right  having  long  since  expired,  the  instrument  is 
now  constructed  to  order  by  almost  any  compass  maker  at  a  cost 
of  about  £3  10s. 
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b  ftr  Having  a  Pelorus,  the  first  thing  is  to  provide  Builalilc  stands 

""         for  it  in  various  parts  of  the  ship,  so  that  it  may  be  movt-d 
from  one  to  tlie   other  aa  may   be   found   convenient      Some- 
times at  one  position  a  sail,  the  funnel,  a  nmst,  or  an  important 
paMm<tfr,  may  be  in  the  way  of  the  body  to  be  observed,  in  which 
case  the  Pelorua  can  be  removed  to  another  spot  where  the  view 
is  unobstructed.     It  will  be  found  advantageous  to  fit  at  lea->t 
four  such  stands — one  on  each  side  of  the  bridge,  and  a  couple  in 
the  neighbourhood  of  the  quarter-dock.      A  skylight,   the   top 
corner  of  a  deck-honse,  or  a  meat  safe,  will  answer  the  purpose 
very  welL     The  stands  on  the  bridge  may  be  made  in  the  form  of 
a  small  table  without  legs,  to  bracket  against  the  handrail.     Some 
men  go  to  the  expense  of  a  couple  of  turned  teak-wood  peilestala. 
The  places  selected  need   not  bo   amidships — in  fact,   they  are 
In  pia».  better  when  not  so ;  but,  wherever  they  may  be,  H  is  ahaoluiety 
""^      necfesary  that  grf<il  jnihit  ijioulil  he  taken  lo  enture  l/if  fore-<n*d- 
aft  (hk  of  the   inMiiimtiit    being   stricth/  parallel  with  the  thip'a 
keel. 
wdoit.       To  effect   this  with   certainty   (the  instrument   being   in   its 
intended  position — say  on  the   starboard   or   port   side   of  the 
bridge),   measure  carefully  the  hcrrizontnl  distance  of  its  centra 
from  the  midship  st'aiu,  and  lay  off  this  distance  on  tho  di 
both  at  the  bow  and  itent  end  of  the  ivseii.     At  each  such  pi 
erects  batten,  and  see  that  it  stands  [>erft!ctly  plumb;  the 
herself  is,  of  course,  supposed  to  be  on  an  even  beam ;  then 
the  North  point  of  the  card  (though  any  other  will  do  just 
well)  to  the  lubber  line,  and  clamp  it  there  by  tho.sm&U  uilli 
hcadeil  screw  at  the  fore  side ;  release  the  sight  vane,  if  clam] 
and  turn  it  so  that  the  centre  mark  at  the  base  of  the  uprij 
holding  the  thread  may  also  coincide  with  the  North  point ;  pi 
the  box  by  eye  approximately  square  with  the  fore-and-aft  In 
of  the  ship,   taking  care,   of  course,  that  the    lubber's  point 
forward ;  now  look  from  aft  forward  throngli  the  sight  vani 
and  slue  the  box  slowly  one  way  or  tho  other  till  the  liatton 
tlio  bow  is  seen  in  one  with  the  thread. 

When  exact  coincidence  is  establisheil.  the  result  thus  far  in 
satisfactory  ;  but  lo  render  it  completely  so.  turn  the  sight  van« 
half  round  on  its  axis  witliout  moving  the  box  in  any  way,  and 
net  it  to  tho  South  point  af  the  card.  If  now,  on  looking  at  the 
after  batten,  it  sliouM  lie  found  to  Iw  exactly  in  one  with  the 
thrv'tt-l  of  the  vane,  ail  is  well,  and  the  fore-and-aft  line  of  tb*. 
Pdorm.  coincides  truly  with  tho  fore-and-aft  line  of  the  shipi 
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The  instmment  must  now  be  secured  in  this  position  by  an  all-  urMtioii  of 
round  coaming  about  an  inch  high,  forming  a  seat  into  which  the  j^^^S^^  ^ 
box  can  at  any  time  be  shipped  without  further  trouble.      Bore  a  ^tutoA 
eouple  of  holes  through  the  coaming  in  each  of  the  sides  to  act  as 
scuppers.     Do  not  take  down  the  battens  till  the  coaming  is  fitted 
and  finished^  when  the  line  of  the  instrument  should  be  cLgain 
tested.     If  found  to  be  slightly  out,  it  can  be  remedied  by  a 
couple  of  milled-headed  screws,  at  the  side  of  the  case,  which  act  in 
opposite  directions,  on  a  sliding  block  carrying  the  trunnion  of 
the  gimbaL      When  this  last  adjustment  is  perfected,  the  side 
KreufB  must  not  ag<mi  he  touched;    and  if  on   completing  the 
remaining  stands,  their  fore-and-aft  lines  be  found  not  quite  exact, 
it  will  be  necessary  to  alter  the  coamings  until  they  are  so.     In 
fixing  the  quarter-deck  stands,  the  after  battens  can  be  dispensed 
with. 

If  at  any  time  the  ship  should  be  in  graving  dock  where  some 
distant  object  can  be  seen,  it  will  be  very  easy  to  test  the  relative 
accuracy  of  the  stands  by  the  following  method: — Place  the 
Pelorus  in  any  o  le  of  its  receptacles ;  clamp  the  North  point  of 
the  card  to  the  lubber  line,  and,  looking  through  the  sight  vanes 
at  the  distant  object,  ascertain  its  bearing  to  the  nearest  quarter 
degree ;  remove  the  instrument  to  each  of  the  other  stands,  and 
if  the  various  bearings  agree,  it  is  evident  that  the  fore-and-aft 
line  of  each  station  is  also  in  agreement. 

It  must  not  be  understood  from  this,  that  the  Pelorus  gives  the 
real  bearing  of  the  distant  object ;  it  merely  gives  the  horizontal 
angle  between  the  object  and  the  ship's  head.  The  teim  "bearing" 
is  in  this  case  used  merely  for  convenience. 

To  ascertain  if  the  lubber-points  of  your  deck  compasses  agree 
with  the  Pelorus,  unship  the  cards,  put  a  smaU  piece  of  cork  on  of  oompam 
the  point  of  the  pivots,  and  replace  the  cards  with  their  North  ^^ 
points  to  the  lubber  line;  put  on  the  glass  covers;  ship  the 
azimuth  instrument,  and  take  the  bearing  as  before. 

Each  compass  now  becomes  a  dumb  card  in  itself ;  should  there 
be  any  discordance,  put  up  the  battens  and  test  the  fore-and-aft 
line  of  the  Pelorus ;  if  found  correct,  it  must  be  the  lubber-points 
of  the  compasses  which  are  astray.  These  are  easily  painted  out, 
and  ruled  in  afresh  in  their  proper  places.  A  soft  black  lead 
pencil  is  the  best  thing  to  do  it  witL 

The  distant  object  used  in  this  operation  should  not  be  nearer. 
than  six  or  seven  miles,  unless  it  bear  nearly  atiead  or  astern — , 
«ay  a  couple  of  points  on  either  bow  or  quarter,  when  foui*  or 
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five  miles  will  suffice-  If  the  sua  be  Bbining,  you  are  of  course 
iD(lepciident  of  everytlung  else,  ^ce  you  can,  if  you  are  stnarl^' 
use  it  as  tbe  distant  object  The  sun's  bearing  will  seldom  alter 
10  much  in  the  mioute  or  so  required  to  shift  the  instrument 
quickly  from  one  place  to  another,  as  to  introduce  any  approciabla 
error;  but  if  extreme  accuiacy  be  ret|uin;d,  it  is  an  vosy  matter 
to  get  the  exact  cliange  of  bearing  corresponding  to  the  Latitude 
Declination,  and  Apparent  Time  from  Burdwoods  Tables. 

The  Pelorus  is  handy  for  many  purpoc^s  which  will  be  referred 
to  hereafter,  but  its  chief  use  is  to  ascertain  the  Deviation  of  tha 
compass,  or  to  set  the  coursa  Before  going  iuto  the  details  of 
how  this  is  to  be  done,  it  will  perhaps  be  advisable  to  say  8ome> 
thing  about  A^muths.  The  general  practice  on  board  ship  ia  to 
observe  an  azimuth  or  bi;arLug  of  the  smi  by  compass,  at  the  sanM 
^  time  that  the  morning  sigbts  are  taken:  the  sun's  cUtUuile,  aa 
found  by  tliese  sights,  is  used  to  tind  the  true  azimuth.  This  is  a 
round-about  melhoi,  involving  much  needless  labour,  and  should 
be  abolished  now  that  tables  are  published  which  give  by  simple 
inspection  the  required  informatioiL 

It  will  be  made  clear  further  uu,  that  iu  an  iron  vessel  tb« 
Deviation  requires  to  be  determined  pretty  frequently ;  and  to  be 
constantly  getting  out  one's  sextant  to  "  shoot  the  sun,"  and  after* 
wards  take  the  bearing,  and  then  work  up  a  lengthy  problet^ 
is  not  conducive  to  this  end.  Half  the  trouble  and  all  the  fuaa 
may  be  avoided  by  using  the  method  wherein  the  Ihit^  instead 
of  the  altitude,  is  employed.  This  is  called  the  method  of  "  Tim^- 
Azimuths ;"  therefore,  when,  accouUng  to  common  custom,  nix 
azimuth  is  taken  along  with  tlie  morning  sights,  instead  of  labori- 
ously figuring  out  the  sun's  true  bearing  by  the  allitude-cuimuiK 
problem,  the  hour  angle  {time  from  noon)  found  by  the  sights  c&a 
be  employed  to  take  out  the  true  bearing  direct  by  iuspectiou. 

AZmUTU   TABI>E!a> 

Some  sixt«eD  or  serenteen  years  ^o.Staff-CommanderBurdwood, 
B.N..  published  a  book  entitled :  "  Suu'a  True  Bearing,  or  Azimuth 
Tables,"  in  which  is  given  the  sun's  true  bearing  at  intervals  of 
4  minutes  for  each  ilegreo  of  Lititude  between  60'  and  30'  ta 
M  both  hemispherca  In  1875.  Captain  Davis,  R,N.,  brought  out  an 
extoosioo  of  these  tables  down  to  the  Equator,  so  that  at  the 
present  time  the  sun's  true  bearing  can  be  taken  out  from  thaas 
boolu  for  any  latitude  between  6*)"  north  and  60'  south,  and  for 
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any  time  betweeu  sunrise  and  sunset  excepting  when  the  altitude 
exceeds  60'. 
There  are^  however,  many  men  prejudiced  enough  to  believe  Y)ni^ 

that  the  "  old-fashioned  plan,"  as  they  call  it,  is  preferable  to  the  *«imutiii  pn 

''  f trabto  to  All 

tables,  as  the  latter,  in  their  estimation,  are  liable  to  error.    These  aiimatiia 

are  the  men  who  insist  upon  their  officers  working  up  azimuths 
according  to  the  "Epitome  method.'*  They  forget,  or  do  not 
know,  that  in  all  calculations  the  greater  the  number  of  figures 
employed,  the  greater  the  liability  to  error;  and  surely  trained  ' 
computers  are  less  likely  to  make  mistakes  than  seamen,  who,  by 
nature  of  their  calling,  are  not  nearly  so  well  versed  in  such 
work.  The  writer  does  not  mean  to  say  that  the  tables  are  in- 
fallible, but  he  will  back  them  at  odds  against  the  figures  of  the 
'antediluvians'  who  pooh-pooh  them.  By  glancing  the  eye  up 
and  down  the  column,  and  across  the  page  to  the  right  and  left, 
a  mistake  of  any  importance  is  detected  in  an  instant  by  the 
want  of  harmony  in  the  run  of  the  leading  figurea  In  working 
oat  any  problem  in  navigation,  one  might  just  as  well  refuse  to 
employ  the  ready-made  tables  of  secants,  sines,  and  tangents,  and 
insist  upon  computing  for  one's  self  the  necessary  logarithms  for 
each  particular  casa 

Burdwood,  in  his  preface,  says  : — 

*  Results  exhibited  in  a  tabular  form  have  certain  advantages,  p^^^,^  ^^^ 
In  these  tables,  for  example,  the  value  of  an  error  in  either  of  the  prefennoa. 
three  elements  used  in  the  computation  is  seen  at  once,  and  hence 
the  most  desirable  time  for  making  the  observations,  so  that  an 
error  in  either  the  Apparent  Time,  Latitude,  or  Declination,  shall 
produce  the  least  error  in  the  true  bearing." 

To  use  these  tables,  it  is  necessary  to  know  the  Latitude  and 
Declination  each  within  half  a  degree,  and  the  Apparent  Time  at 
Ship  within,  say,  a  couple  of  minutes;  but  this  latter  depends 
upon  circumstances,  as  reference  to  the  tables  will  show  that, 
tmder  certain  conditions,  the  sun's  bearing  will  not  alter  one 
degree  m  an  hour,  and  at  other  times  it  will  alter  a  degree  in 
three  minutes.  Herein,  as  Burdwood  justly  says,  lies  one  of  the 
great  advantages  of  the  tables 

AFPABSNT  TIME   AT   SHIP. 

Though  the  finding  of  the  Apparent  Time  at  Ship  is  a  simple 
operation,  yet  few  know  the  right  way  of  doing  it ;  therefore  it  is 
as  well  to  give  a  couple  of  examplea  It  is  premised  that  the 
longitude  is  known  within  a  quarter  of  a  degree  or  so. 


Toflnd  Write  down  the  error  of  chronometer,  prefixing  the  ptua  (  +  ) 

^J7°8Mp  sign  if  it  13  alow,  or  the  mitiue  (  -  )  sign  if  it  is  fast 

wEtoh  Write  down  the  Equation  of  Time  taken  from  page  IL  of  the 
Nautical  AiDianac,  and  correct  it  roughly  for  Greenwich  Meaa 
Time.  If  the  precept  at  the  hea<l  of  the  column  aaysthe  Equation 
is  to  be  subtracted  from  Mean  Time,  prefix  the  mtnm  sign ;  but 
if  to  be  added,  prefix  the  plus  sign. 

Turn  the  longitude  into  time,  and  if  it  is  westerly,  prefix  the 
mimtg  sign ;  if  it  is  easterly,  prefix  the  plus  sign. 

If  the  three  quantities  should  happen  to  have  similar  signs,  add 
them  together,  and  prefix  the  common  sign ;  but  if  the  quantitiea 
should  happen  to  have  utUilce  signs,  add  the  two  similar  onea 
together,  and  take  the  differem^  between  their  sum  and  the  unliks 
quantity,  prefixing  the  sign  of  the  greater.  This  remainder  will 
be  the  amount,  which  (to  find  Apparent  Time  at  Ship)  is  either 
to  be  added  to  or  subtracted  from  the  chronometer  time,  according 
to  its  sign. 

Ex.imjiie:  Jan.  16th,  ISSO,  about  10  hours  P.U.  at  Qreenirich  ;  required  ta 
know  the  Appttrent  tima  at  Ship,  the  longitude  being  64*  3S'  West,  and  Iba 
srrot  of  the  chrunonieter  4in.  tiA.  slow  of  Ureenwicb  Mean  Tim& 


LoDj^tO'lQ,  fll'  38'  W - 

Kqiutiun  of  CitDV 

4      IS     -M 
0     10       3 

Hkviof  like  ripu,  .44  tlMm 
togothar. 

4   aa  3s 

0        i     21 

Ha*mg  osUka  tigm,  Uka  th» 

JfciUrtoIA„^Titn.«8bip- 

4   a*   13 

tfore,  to   find  Apparent  Time  at  Ship,   it  will   merely  bs 

oecessary  to  subtract  4h.  24m.  ISd.  from  the  time  shown  by 
chronometer. 

To  set  your  watch  or  clock,  fix  upon  a  given  Time,  a  minute  or 
80  in  otlvance  of  what  the  chronometer  actually  shows,  to  ensbl« 
you  to  prepare ;  let  the  time  by  chronometer  at  which  you  intend 
to  regulate  your  watch  be  lOh.  26m.  13a.;  subtract  from  this 
4h.  2tm.  13s.,  and  lih.  2m.  Oa.  will  be  the  Apparent  Time  at  Ship 
when  the  hands  of  the  chronometer  arrive  at  H'h,  26m.  13a. 

This  matter  of  setting  the  wheelhouse  and  other  clocka  to 
Apparent  Time  at  Ship  is  such  an  every-day  necessity,  tb«t  ws 
will  give  one  more  examplu  In  this  case  the  longitude  is  Ettst. 
and  the  £<)usUon  of  Time  and  chronometer  error  are  bot]) 
additive. 


J 
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Exmn,  2 :  September  24th,  1880,  about  4  p.m.  at  Greenwich  ;  lequired  to 
know  the  Apparent  time  at  Ship,  the  longitude  being  iT  40'  East,  and  the 
chronometer  8m.  258.  slow  of  Greenwich  Mean  Tim& 


Longitnde,  ll'^  W  T. + 

EquAtion  of  time + 

EiTor  of  chronometer 4- 

Chr.  ftlow  of  App.  I'ime  at  Ship    + 


H. 

M. 

s. 

1 

10 

40 

0 

8 

16 

0 

8 

25 

1 

27 

21 

Having  like  tigns,  are  all 
additive. 


Here  we  have  Ih.  27ni.  21s.  to  be  added  to  the  chronometer  time  ; 
90,  to  make  the  even  ndnvte  for  the  watch,  let  us  fix  upon 
3h.  54m.  39&  by  chronometer;  adding  the  above  correction  to 
this,  we  get  5h.  22m.  Oa  as  the  Apparent  Time  at  Ship  when  the 
hands  of  the  chronometer  arrive  at  3li.  54m.  39s. 

It  will  be  noticed  in  both  these  examples  that,  in  choosing  the 
chronometer  time  at  which  to  regulate  the  watch,  the  proper 
number  of  odd  seconds  has  been  allowed,  so  that  the  watch  may 
be  set  to  the  even  minute  without  the  trouble  of  counting  seconds, 
or  of  estimating  them  when  there  is  no  second-hand. 

The  following  example  shows  the  mode  of  ascertaining  the 
deviation  by  using  the  azimuth  tables : — 

TIME-AZIMTJTHS    OF    THE    BJTS. 

Saturday,  January  17th,  1880,  about  0*45  p.m.,  the  sun  was  observed  to  Example  of 
bear  by  Standard  compass  S.  15'  W.,  when  a  chronometer,  which  was  4nL  ^**"fif 
238.  slow  of  Greenwich  Mean  Time,  showed  5h.  29nL  30s. ;  latitude  by  account,  Time  at  Ship. 
40*  12'  North ;  longitude  by  account,  70"  50'  West ;  variation  at  place  of  ship, 
corrected  for  secular  change,  -  ^][*,     Here,  be  it  understood,  that  Easterly 
variation  or  deviation  is  always  represented  by  the  plus  (+)  sign,  and  Westerly 
variation  or  deviation  by  the  minus  (  -  )  sign. 


H.     M.       s. 

T5me  by  chronometer 6    29    80 

Chronometer  slow  of  G.  Mean  Time  . .  +  4    23 


DeclinAtion 

corrected  for 

Greenvrich 

Mean  Time, 

20*>  46*  South. 


Greenwich  Mean  Time 5    83    53 

Corrected  Equa.  of  Time,  page  I  r,N.  A.-        10     19 

Apparent  Time  at  Greenwich     5     23     34 

Longitude  in  time     -*    43     20 

Apparent  Time  at  Ship    0    i^    U  p.m 

Open  the  tables  at  the  nearest  whole  degree  of  latitude  (40'')  Bzampie  of 
having  the  declination  of  the  contrary  name ;  this  will  be  found  AiSTutii. 
at  page  109.     In  the  right-hand  margin  seek  for  Oh.  40m.  v.VL, 
and  under  21**,  the  nearest  whole  degree  of  declination,  will  be 
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found  the  siiti'a  true  bearing  \Q^\  which,  according  to  the 
precept  at  the  foot  of  the  left-hand  page,  is  to  be  reckoned  from 
North  to  West 

The  work  now  takes  tliia  form : — 

©■i  Trut  be«ring  U  Oh.  *0m.  p  M. . .      N.  iCSl*  W. 

©'•  T'riMlKMlllB.Trilhnmaiech^nge'l  I    g     jqio    \v, 

V.ri.Mon'^bJ'oUrt'.'.''.'.'.'.'.'.'.'..'         -  l't^_     Applicl  to  tho  right. 

_     -no  „.   I  Of  whu  It  -wild  b(  In  1  nctm 

e'l  Correct  niBinifticU^nnS- B.    20     ■f>-\        OApauiotiitaaAbjinHi. 

e>'>  Btskring  by  cwmpJiH *■   15*  W. 

Deviation -*•    ■''°  1     UiBneMirfil.sc!oiB*pwb«i..«. 

tnt«nireu-     ^^  "'''1  ^  uoticud  that  in  applying  the  variation  to  the  aun'fl 
"'"'?'  Iruo  bearing,  it  is  addofl  (because  Westerly),  altliough  the  minua 

iirni.  (  -  )  sign  is  ]>reflxed.     The  minus  (  -  )  sign  in  this  caso  is  only 

the  name  of  the  variation,  and  does  not  mean  that  the  quantity 
following  it  is  to  be  subtracted.  The  deviation  is  +  o°,  which  meaiu^  ^ 
in  like  maiiut^r,  that  its  name  is  Easterly.  Similarly,  astronomen^l 
diatinguish  North  declination  by  the  plus  ( -f  )  sign,  and  Sou^l^H 
declination  by  the  minus  (  -  )  sign.  It  ia  quicker  than  writin^^J 
the  word  it  expresses.  ^H 

In  finding  the  correct  maffnetic  bearing  fri>m  the  tnu  besriog',^^ 
stand  in  imagination  at  the  centre  of  your  compass-card,  looking 
outwards  towards  the  margin,  and  apply  Westerly  variation  to 
the  right,  and  Easterly  to  the  left.  To  find  the  eompau  courM 
from  tho  «»«■«■(  magwiic  courte,  apply  the  deviathn  in  exactly 
the  same  inannur, 

TmZ-AZimTTHB    OF    THE    STARS. 


Although  Burdwood  and  David's  Tables  are  termed  ""Tables  of 

MwT^iMtD    ''''°  ^'"*'*  '"''"*'  ^^ri'ig  o""  Animutli,"  they  may.  notwithstanding. 
liMni  and       bo  madu  available  for  iletormining  the  true  bearing  of  the  mooii, 

k planets,  and  stars,  when  the  declination  of  tho«o  bodies  range* 
between  23'  N.  and  23°  S.  The  following  is  a  table  of  the  mcau 
places  of  stars  of  tho  lat  and  2nd  magnitude  included  within  that 
raiigo  of  declination  for  Juiiuary  1st,  1891. 
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Names  or  Stabs. 


aCeti 

a  Arietis 

a  Tauri.   (A idtharan )  .,.. 

^Orionii.    (Hifjd)  

^Orioms 

« Orionia 

aOrionis.  {Betdgtuu)..., 
a  Ganis  Maj.  {SiriuM) .... 
«  Canis  Mincris  (Procyon) 

a  Hjdne.     {Alpkard)   

aLconis.     {RegulvM) 

T>  LeooJs  

/JLeonis.    (Jhmtbola) , 

aYiigmia.    (Spiea)    

a  Bootis.     (AretuTUMj 

^libne.    CZMbendgJ  

fi^  SeorpiL 

tf  OphioidlL  (Rat  Alhague) 

«  AquikBL     {AUair)  

aP^ML     (MarkabJ    


Mao. 


2 

2 

1 

1 

2 

2 

1 

1 

1 

2 

1.2 
2 
2 
1 
1 
2 
2 
2 

1.2 
2 


Right 
ascsnsiok. 


H 

0 
2 
4 
5 
5 
5 
5 
6 
7 
0 
10 
10 

11 

13 
U 
15 
15 
17 
19 
22 


.  M .  8. 

37  36D 
00  28t) 

29  5*6 
8  491 

25  55*6 

30  10*5 
48  43-8 
39  54-2 
33  4*4 
21  44-3 

2  2-0 
13  24-6 
42  59-3 
18  55-4 
10  14-0 
10  36-2 
58  31*1 
29  24*6 
44  58-6 
58  50-0 


Annual 
Variation. 


+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 


8. 

3t)l 

337 

344 

2-88 

306 

304 

325 

2-65 

314 

2-95 

320 

3-32 

3-06 

315 

273 

3-22 

348 

278 

2^3 

2-98 


Declin.     I    Annual 
ATioN.       Variation. 


1838  25S 

225356N 

1616  7N 

820  28S 

023198 

11646S 

723  OON 

1633  14S 

531  42N 

8  8378 

12  3254N 

2026  34N 

15  14  14  N 

103223S 

194811  K 

856  34S 

19  2843S 

123853N 

833   5N 

14335^1^ 


+ 

+ 

+ 
+ 
+ 


19*80 

17-20 

758 

442 

2*93 

2*59 

0-98 

472 

9-01 

15*43 

17*45 

18-08 

2010 

18  92 

18-83 

1352 

1016 

2*87 

9*25 

19-32 


Bright  ttan 
within  28' II 
and  art. 


When  there  are  two  figures  in  the  magnitude  column,  they 
BgnSj  that  the  star  occupies  an  intermediate  place.  They  are 
sometimes  written  in  one  order,  and  sometimes  in  the  reverse, 
thus, — 1*2  and  2*1  mean  that  the  star  is  below  the  1st  and  above 
the  2nd  magnitude:  in  the  former  case,  nearer  the  1st  than  the 
2iid ;  in  the  latter,  nearer  the  2nd  than  the  1st  The  separating 
dots  are  not  to  be  considered  as  decimal  points. 

It  is  perfectly  wonderful  how  few  men  avail  themselves  of  the  gtar- 
liars  on  a  fine  night,  to  see  how  their  compasses  are  behaving.  ^«*"*^*^ 
This  arises  principally  from  an  ill-defined  idea,  that  any  problem 
connected  with  the  stars  is  much  too  difficult  to  be  meddled  with. 
How  different  are  the  actual  facts  ! ! 

Azimuths  of  the  stars,  planets,  and  moon,  are  just  as  easily  AdTtntagM 
ttfui  as  quickly  worked  up  as  azimuths  of  the  sun.  ^^Som 

The  former  possess  a  decided  advantage  over  the  latter,  inasmuch  2^?^'"*  ^ 
as  a  mistake  in  the  working  is  at  once  detected  if  you  observe  a 
eoaple  or  three  stars,  since,  having  different  elements,  the  computa- 
tioDs  are  independent  of  each  other.  Whereas  you  may  take 
20  azimuths  by  the  sun,  and  even  though  all  agree,  they  may 
every  one  be  greatly  in  error,  through  having  been  inadvertently 
worked  in  each  case  with  the  wrong  Latitude,  or  Declination,  or 
Tune, 

The  greater  the  number  of  observations,  the  more  the  error 
would  be  confirmed^  and  though  you  might  somewhat  wonder 


TO  FIND  HOUR  ASGl.B  OF 


at  it,  you  would  probably  accept  the  result,  and  peihaps  get  led 
into  danger.  Now.  with  the  stara  the  case  b  entirely  different, 
as  the  one  is  a  check  upon  the  other. 

To  find  the  hour  angle  or  mcridinn  distance  of  a  star,  a  planet, 
01  the  moon,  yon  have  merely,  on  taking  the  bearing,  to  not« 
time  by  the  chronometer,  and  proceed  aa  follows : — 
To  fletwmiiiB       Xst  To  the  time  shewn  by  chronometer,  apply  its  error  for  the 
BoiuAngta.  ^^^ — j^j^^  result  wiJl  be  Greenwich  Mean  Time,  to  which 

apply  the  longitude  in  time,  adding  it  if  the  longitude 
be  Eitst,  and  siiblracling  it  if  the  longitude  be  West;  the 
result  will  be  Mean  Time  at  Ship. 
iiid.  Take  from  the  Naatieal  Almanac  (page  IT.  for  the  month) 
the  Sidereal  Time  (last  column),  and  add  to  it  the  accelera- 
tion on  Greenwich  Mean  Time,  found  in  the  table  for  the 
purpose  on  p^e  4S0  of  the  Nautical  Almanac  for  1884,  or 
Table  38  of  Norie's  Epitome. 
Srd.    Add  tc^cther  the  Mean  Time  at  Ship  and  the  corrected 
Sidereal  Time ;  from  the  sum,  increased  if  necessary  by 
24  hours,  subtract  the  right  ascension  of  the  star ;  the 
remainder   will   be    the   star's   hour   angle   West  of  the 
meridian. 
If  the  remainder  be  greater  than  12  hours,  take  it  from  24 
hours,  and  the  result  will  be  the  hour  angle  E&^t  of  the  meridian- 
Should  the  remainder  bo  more  than  24  hours,  reject  24  hoars,  and 
the  result  will  be  the  hour  angle  West  of  the  meridian.* 

This  last  part  will  seem  somewhat  confusing  to  the  beginner, 
but  it  is  nothing  like  so  difficult  as  it  looka  Moreover,  should 
there  be  any  doubt  as  to  the  amount  of  the  hour  angle,  or  its 
name,  the  question  is  easily  settled  by  reference  to  Norie's  Table 
44,  where  the  apparent  time  is  given  on  which  the  principal  stAr« 
pass  the  meridian. 

Knowing  more  or  less  the  time  at  sliip  when  yon  made  the 
observation,  and  by  Table  44  the  approximate  time  on  which  the 
star  will  pass  the  meri<lian,  you  at  once  see  whether  the  star  is 
East  or  West  of  it  But,  independently  of  thin,  in  actual  practice 
the  (ibiffrve'l  compass  bearing  of  the  star  will  nearly  always  tell 
you  which  side  it  is,  provided  you  apply  to  it  the  variation  and 
approximate  deviation.  The  preceding  rule  for  finding  the  star's 
hour  angle  applies  also  to  the  moon  and  other  planeta 

Burdwood  lias  a  caution  near  the  end  of  his  preface,  to  tbia 
flficct  ;— 


.UilapaiutEiit  ut  ID)'  printed  nib,  ntn  tg  it 


'rff- 


STAB,  PLANET,  OR  MOON.  91 

*With  reference  to  the  note  at  the  foot  of  each  page  of  theLtniiAiid 
azimuth  tables,  as  the  son  in  the  forenoon  or  IlML  is  East  of  the  ^^^^ 
meridian,  and  in  the  afternoon  or  p.m.  West  of  the  meridian,  in  J*S?*  "fTS^ 
applying  the  note  to  indicate  the  bearing  of  a  star,  substitute  wtth  sva. 
East  of  the  meridian  for  A.M.,  and  West  of  the  meridian  for  p.il" 

In  taking  from  the  tables  the  azimuth  of  a  star,  or  the  moon,  its 
hour  angle  must  of  ways  be  taken  from  the  right-hand  column  of 
the  page,  under  the  words,  "  Apparent  Time,  p.il"  The  subjoined 
examples  will,  it  is  hoped,  show  with  what  ease  and  certainty 
star,  planet,  and  moon  azimuths  can  be  worked. 

Kstawipie  L— Alwut  10  p.m.,  Saturday,  January  17th,  1880,  ship  being  in 
ktitade  39°  SO*  N.,  and  longitude  73°  11'  W.,  the  star  Sinus  was  observed  to 
bear,  l^  Standard  compass,  S.  15^°  £.,  when  a  chronometer  which  was  4m. 
t4i  abw  of  Q.M.T.  showed  14L  42m.  06s.    Variation  at  ship's  place,  -  7*. 


bjduron 14    42     5 

+      4    24 


aiLtiDie  14    46    29 

LoQgitQdB  in  time  -4    62    44 


Msan  Time  at  Ship   0    63    46 

flUerad  OSme  from  N.A   10    46    12 

AoodoBlkn  lor  1411.  46m.  20B.     +      2    26 


KA.  of  tiie  meridian 20    41    23 

KA.of«Srins 6    30    64 


•<b  hour  angle 23  01  20  W. 

24  00  00 


•'b  boor  angle 0    68    31  E. 


Declination  of  Siiius,  16i*  & 

Open  Burdwood's  Tables  at 
latitude  39*,  ctnUrary  name 
to  the  deelinaHon  (page  09), 
and  with  declination  16^** 
and  hour  angle  Oh.  68m.  in 
the  right-hand  calumny  look 
for  the  bearing  by  inteipola- 
tion,  which  will  be  found  to 
be  163i*;  this,  according  to 
the  precept  at  the  bottom  of 
the  left-hand  page,  is  to  be 
read  from  North  to  East 
The  remainder  of  the  work 
is  as  follows : — 


IViM  bearing  of  •  Sirins  at  Oh.  68ql  East  of  meridian N.  163^*  B. 

180- 


withnamechanged ..     8.    16J' B.  SSSlI?* 

Tariatioii  by  chart -  7* 


Star-Aiimiitli 


Stai^  coma  moffnetie  bearing a     9(*  B. 

Stai's  eompau  bearing a   161*  B. 


DenatkNi +  6}* 


raCE-AZIHUTHS    OF    THE   MOON. 

As  a  check  upon  Sinus,  the  moon's  bearing  was  observed  a  few 
minutes  later ;  and  the  figures  are  given  to  show  the  similarity 
of  the  working. 


Sm   IF.   TITOJfSOTS  AZlifrTUMrRROS. 


Ez.  a— Besriug  of  moon  by  rompnM  N.  89'  W.  at  Uli.  (Dm.  »Ia.  by 
duonoineter.    Otlier  conditiana  ukina  <u  in  Ex.  I. 


Mean  lima  at  ihip    10  01  21 

Sidereal  time  [page  II,  Ifant  Aim.) IB  45  12 

Accalontiun  for  I4h.  Mm.  OSo. -»-  2  27 

Right  Aacension  of  tlie  mcriduin  , 20  49  00 

Moon's  Right  Ajc«asioa  (page  i.,  N.A.)     0  45  00 


Moon'*  hour  «np!e  8    0400W. 


(Ik  wet,  b  to  btr«doo*d 
from  Nunhte  Wat.  Tba 


Tme  bearing  of  oioo 
TariatioD  by  chart .. 

Moon'a  ewrect  maqnOit  bearing .. 
Moou'a  eompoM  bearing    


at  fih.  4ni.  We(t  of  the  meridian  . 


Deviation. +  Bl* 


Tliia  result  only  dilTora  a  quarter  of  a  degree  from  tliat  given  by 
Siriua,  and  proves  the  obscrvntiona  were  carefully  taken.  Tito 
instrument  used  for  th«  purpose  was  Sir  Williaiii  Thoiii90D's 
azimuth  mirror,  whicb  enables  b^nriugs  of  sun,  moon,  or  stars  to 
be  takea  with  the  utmost  eate  aitd  predtion.  The  writer  has 
fi-equently  taken  azimutli.i  of  6ve  difTi-rcnt  stars  by  it  within  a 
minute  or  so  of  each  other ;  and  when  worked  up,  the  groAte^t 
difference  between  any  two  has  not  exceetifd  half  a  degree,  anil 
sometimes  the  results  have  all  a^^reed  to  the  same  quarter  of  a 
degree.  There  is  no  other  instrument  for  nautical  use  capaV>Ie  of 
such  extreme  accuracy. 

Aft«r  the  sun  and  moon,  planets  are  ino.<it  easily  observed  for 
aKimnths,  especially  Yeno-i  and  Jupiter,  whieh  are  young  moons  in 
thcmsetvi'A.  Among  the  fixed  stars  Sinus  is  first  favourite,  but 
if  the  silvering  of  the  Azimuth  Mirror  is  in  good  order,  it  Is  not 
impoasiblo  to  get  stars  of  the  3rd  magnitude  in  cases  which  uimit 
of  their  being  picked  out  with  certainty  from  among  others  near 
to  them. 

For  night  work  a  tpeclal  Bull's-eye  lamp  of  copper  a  th«  corrvch 
thing.  Tliia  lamp  should  bo  used  wholly  and  solely  for  navi- 
gating work,  and  when  employed  for  azimuths  ought  to  be  hulil 


COPPER  BULVS'EYE  LAMP. 
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well  behind  and  above  the  observer,  in  such  a  manner  as  to 
concentrate  the  light  on  the  far  side  of  the  compass-card.  The 
working  oat  of  planet  azimuths  differs  in  no  respect  from  those 
of  the  moon  or  fixed  stars.  Their  Right  Ascensions  and  Decli- 
nations will  be  found  between  pages  226  and  265  of  the  N.  A. 
forlS84. 

In  the  first  of  the  examples  just  given,  both  the  times  and  the 
declinations  unfortunately  necessitated  interpolation  in  taking  out 
the  true  bearings.  This  is  a  little  awkward  when  it  happens,  as  a 
eert^n  amount  of  mental  calculation  is  required  to  hit  off  the 
exaei  value  of  the  bearing.  But,  after  all,  it  is  not  a  killing 
matter,  and  **  practice  soon  makes  perfect" 

TOWSOITS   AZIMUTH    TABLEa 

So  far,  allusion  has  only  been  made  to  those  stars  whose 
declinations  range  between  23''  N.  and  23°  S.;  but  to  confine  the 
navigator  to  these  alone  would  be  to  deprive  him  of  the  aid  of 
8ome  of  the  brightest  stars  in  the  heavens.  To  meet  this  difficulty 
Mr  J.  T.  Towson  has  compiled  a  set  of  very  useful  tables,  by  the  to^tmhI 
help  of  which,  and  a  very  trifling  amount  of  computation,  a  few  jtfSS^ 
seconds  suffice  to  find  the  true  bearing  of  the  conspicuous  stars 
whose  declinations  exceed  23^ 

The  table  referred  to  is  numbered  VII.  in  Towson's  "  Practical 
Information  on  the  Deviation  of  the  Compass,  for  the  use  of 
masters  and  mates  of  iron  ships."  It  will  be  unnecessary  here  to 
give  Mr.  Towson's  rules,  &c.,  as  reference  to  his  admirable  book 
will  satisfy  the  reader  as  to  their  utility.  To  show,  however,  the 
eoDciseness  of  the  method,  as  well  as  its  accuracy,  the  true  bearing 
rfSirius  (Example  1)  is  again  worked  out  according  to  Towson — 
«<fe  his  Table  YIL,  page  98.    Data  as  befor& 


•    f 


Are  I 17    3 

LatitadA  38  20 


Alt  n 66  23 


Log   1 9.3930 

Log  II 0.0794 

Tnie  bearing )  

of  Sirius     t     S-  16^*^  =  9  4724 


Sorely  this  method  is  rimple  enough,  and  concise  enough,  to 
please  anybody.  In  table  IIL  of  the  same  book,  the  sun  s  true 
bearing,  or  that  of  any  of  the  heavenly  bodies  whose  declinations 
do  not  exceed  2Gi**  North  or  South,  is  found  in  precisely  a 
nmilar  manner,  so  that,  next  to  actual  inspection  by  Burdwood'd 
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and  Davis's  Tables,  Towsoq's  method  may  be  looked  upon  as  U 
most  convenient  mode  of  working  azimutlis. 

The  practical  conclusion  arrived  at  £rom  the  foregoing  amoun 
to  this — if  the  declination  of  the  body  observed  is  within  23'  oi 
Bide  or  the  other  of  the  Equator,  it  ia  preferable  to  take  tl 
azimuth  out  by  ius]jection  from  Burdwood's  and  Davis's  Table 
but  if  the  declination  exceeds  23°,  then  recourse  should  be  had  i 
Towson's  Table  VII.  The  Latitude,  Declination,  and  Time  beii 
given,  a  man  reasonably  smart  at  figures  can  work  the  azlmul 
by  Towson's  book  in  a  f<:if  seconilg  uiulfT  a  minute. 

DEVIATIOIT  BY  THE  PELOBUB. 
To  revert  to  the  Pelorua  The  following  is  the  method  to  t 
pursued  to  find  by  it  the  deviation  of  the  compass  on  any  coun 
which  is  being  steered  at  the  time : — Work  up  position  by  del 
reckoning  from  last  observation  ;  prick  this  off  on  the  Variatk 
chart,  and  note  corresponding  variation)  correct  this  for  the  anaoi 
change  by  the  chartlet  at  the  north  side  of  the  sheet;  set  yoi 
watch  to  Apparent  Time  at  Ship  as  already  instructed ;  suppose '. 
to  be  about  2  p.m.  Then  open  Burdwood's  or  Davis's  Tables ;  na 
to  allow  yourself  sufficient  time,  ascertain  the  sun's  true  bcarin 
a  quarter  of  an  hour  or  so  in  advance,  say  for  every  four  minab 
between  216  and  2'2-t'  P.M.  Apply  the  variation  taken  from  til 
chart  in  order  to  convert  the  tnu  bearings  into  correct  nui^ruitj 
ones;  write  these  latter  with  corresponding  times  down  on  4  sD 
of  paper,  and  you  are  ready  to  begin  when  the  time  comes. 

We  will  suppose  there  are  several  compassc*  in  the  ship  (5  i 
not  an  uncommon  number),  and  that  you  wish  to  ascertain  th 
deviation  of  each  by  simultaneous  observations.  Of  course  yo 
are  provided  with  a  whistle.  Station  a  '  hnnd '  by  each  compos 
wiUi  instructions  to  note  the  exact  direction  of  the  ship's  lioa 
when  he  hears  the  whistle,* 

Tho  Pelonis  being  in  its  stund,  unclamp  the  card,  so  that  it  may^" 
be  free  to  revolve  on  ito  axis ;  set  the  sight  vane  to  the  sun's  "  cor- 
toct  magnetic"  bearing,  corresponding  to  the  Apparent  Time  by 
watch,  and  secure  it  firmly  to  tho  card  by  the  largo  millcd-hi 
screw  on  top.  Tell  your  a«sistanta  to  "  look  out,"  aiid  the 
being  nicely  steadied  on  her  course,  move  the  card,  with 
vanes  attached,  to  the  right  or  left  till  you  see  the  sun's  imi 
reflected  in  the  speculum  and  bixectcd  by  the  threail;  then 
and  continue  to  do  so,  say  for  half  a  minute — so  long  as  the 
ET  wilhiiut  a  wkUUc  k  llk« 
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is  cut  by  the  thread  (of  coarse  it  is  understood  that  the  card  is 
not  to  be  again  moved  after  the  first  whistle).  Now  note  the 
leading  of  the  card  opposite  the  lubber-line,  and  this  will  be  the 
actual  ^correct  magnetic"  direction  of  the  ship's  head  at  the  time 
the  signal  was  mada  The  compasses,  if  free  from  error,  will  in- 
dicate the  same  thing.  Should  they  not  do  so,  the  difierence  be- 
tween the  ship's  head  by  Peloiiis  and  the  ship's  head  by  compass 
will  be  the  deviation  of  that  particular  compass  on  that  particular 
course.     The  rule  to  determine  its  name  is  this : — 

If  the  ''correct  magnetic  course"  be  to  the  left  of  the  "compass  kuIm  for 
conrae  "  (looking  outwards  from  the  centre  of  the  card),  the  devia-  DtTiation. 
tion  is  westerly,  but  should  it  be  to  the  right  of  the  "  compass 
course  "  the  deviation  is  easterly. 

Westerly  deviation  throws  a  ship  to  the  left  of  her  course,  and  ^^•JSj^Ji^^ 
Easterly  deviation  throws  her  to  the  right      Exactly  the  same  —in  whax 
effect  is  produced  by  variation  of  the  compass,  and  in  this  respect  !S!m!??' 
the  two  are  similar. 

One  of  the  first  things  done  by  a  lad  going  to  sea  is  to  learn 
how  to  ''box  the  compass;"  but  the  old  sailor's  method  of  doing 
this  in  points,  ^  points,  and  \  points,  will  soon  be  obsolete.  The 
student  of  to-day,  who  takes  a  pride  in  his  profession,  will  learn 
how  to  "*  box  the  compass "  in  degrees — that  is  to  say,  he  will  ^^^  ***JL 


kam  to  tell  off-hand  how  many  degrees  correspond  to  any  given 
compass  course  reckoned  in  points  or  parts  of  a  point.  It  should 
aot  take  longer  than  an  hour  to  master  this  important  matter. 

To  9et  a  course  hy  Pelorus,  the  operation  is  very  similar  to  that  8«ttiiic 
described  above.  Proceed  as  before,  except  that  this  time  the  JJJSJg^ 
card  is  to  be  clamped  not  only  to  the  sight  vanes,  corresponding  to 
the  sun's  bearing  at  the  appointed  time,  but  also  to  the  lubber's 
pcnnt  at  the  correct  magnetic  course  you  wish  to  steer  ;  thus,  both 
the  card  and  the  sight  vanes  will  be  immoveable.  Under  these 
circumstances  you  must  starboard  or  port  the  helm  until  the 
thread  bisects  the  sun's  image  in  the  speculum ;  when  carefully 
steadied  in  this  direction,  whistle  as  a  signal  to  the  helmsman  and 
thoae  looking  out  for  the  other  compasses,  that  the  vessel  is  on 
her  course,  and  to  "  keep  her  steady  as  she  goes." 

Among  the  many  advantages  this  instrument  possesses,  it 
ttiaUes  the  deviation  of  any  number  of  compasses  to  be  found  by 
one  observation,  and  this  deviation  is  quite  independent  of  the 
error  due  to  any  possible  displacement  of  the  lubber-lines. 

The  principle  of  the  Pelorus  is  merely  this,  that  it  mensurea  the  Prinoii^  of 
korizotUal  angle  between  the  sun  (or  other  object)  and  the  ship's  head  *^*  ^•^^^^^ 
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SO-CALLED  "COMPASS  COBltECTORS." 


"OompsM 

I 


Under  certain  simple  conditions  the  unassisted  eye  can  do  the 
same  thing,  only  soniewliat  less  accurately.  For  example,  at  Uie 
instant  of  noon  to  an  oljseiver  in  the  English  Cliannel,  the  sua 
bears  South  (true).  If  now,  tlje  vessel  is  so  manceuvred  by  her 
helm  as  to  bring  tho  sun  on  the  port  beam — say  on  a  line  with 
the  bridge  handrail,  or  the  forward  or  after  side  of  a  deck-house, 
hatcb-coaming.  or  skylight — it  is  certain  that  her  head  mutt  be 
West  (trne):  if  the  helm  should  be  portctl  so  as  to  bring  the  sua 
dead  uft  in  a  line  with  the  rna^t^,  the  ship's  head  must  be  NorUt 
(true):  if  the  helm  be  still  porti.'d  so  as  to  bring  the  sun  on  tha 
starboai'd  beam,  the  ship's  head  must  be  East  (true):  and  lastly, 
if  the  sua  be  brought  right  ahead,  the  couise  must  be  South 
(true).  In  this  way  the  errors  of  the  compasses  might  be  approzl* 
matcly  determined  on  the  four  points  named. 

In  a  ship  there  are  many  things  which  give  true  fore-aad-afK' 
lines,  as  well  as  thwartship  ones,  but  the  inlerm&iitUe  angles  at^ 
wanting.  The  Felorus  supplies  this  deficiency,  as  it  enables  us  tw 
measure  any  angle  betweeu  the  beam  and  the  foro-anJ-aft  line 
and  tliia  is  the  view  which  must  be  taken  of  it  You  roust  divesi 
yourself  of  tlie  iuclinatiou  to  consider  it  a  compusn;  to  repeal 
it  is  merely  an  instrument  for  measuring  the  korisontal  angla> 
between  any  object  and  the  ship's  head.  Dumb  cards  without 
gimb&la  give  incorrect — 3»metime3  ver>/  uicor/iec( —results,  and 
bhould  on  no  account  be  employed. 

There  are  a  number  of  instruments  now  before  the  public  which. 
profess  to  be  '■  Compass  correctors."     It  is  not  proposed  to  discuat 
their  relalive  merits ;  but  presuming  them  to  bo  right  in  prinoii>la»' 
which  in  some  cases  is  open  to  question,  it  would  be  better  if 
they  were  termed  "Compa'is  course  corrttctors,"  or  "DeviatJoil 
detectors,"   as  the   former   name   is  quite   inapplicable.      Tbea 
instruments  are  mostly  complicated;  and  if  by  any  chaue«  tbei 
get  a  knock  or  a  fall,  it  vould  be  ditlicult  to  rc-adjust  then 
Wlieread  the  construction  of  the  Pelorus,  white  correct  in  prin- 
ciple, is  so  estremely  simple  in  detail,  tlmt  any  sea-going  eiigineei;! 
or  a  handy  carpenter,  could  "put  it  lo  rights"  wiUiout 
trouble.     The  rotorua  must  not,  from  the  siroilaiity  of 
confounded  with  anotlier  invention,  known  as  the  Pdiuui 
called  after  a  famous  old  Greek  pilot — nor  with  the  Polaris^  b€>tH 
of  which  arc  totally  different  instruments.     The  Pelorus  will  he       I 
ujaiu  nfciTed  to   when   "Compass   Adjustmeul"   oomei   to   bo 
tfvatedoo. 


CHAPTER    X 

THE    STATION    POINTEB. 


This  ifl  an  instrument  tliat  very  fev  men  in  tha  mercliant  An  laatra- 
Berrice  are  acquainted  with  even  by  name,  and  in  the  Navy  it  is  ^^tinir 
■eUom  used,  except  by  officers  of  the  surveying  brajich.     When  nataown, 
tbe  great  practical  value  of  the  instrument  is  considered,  tliis 
statement  seems  almost  inconceivable.     Of  the  many  methods 
&w  asoertaining  a  ship's  position  when  in  sight  of  a  properly 
nrveyed  eoaat,  none  can  in  any  way  compare  for  ease  and  pre- 
ctuon  with  that  in  which  the  Station  Pointer  figures  as  the  cliief 
aniataat  of  the  Sextant 

The  Station  Puinter  is  composed  of  a  graduated  circle  of  brass,  stattoa 
having  one  fixed  and  two  moveable  arms  radiating  from  its  Jf^SbBd. 
ceatie.  The  moveable  arms  turn  in  one  plane  round  this  centre, 
which  is  common  to  both,  and  where  they  pass  outward  under  the 
drde  have  verniers  attached,  so  that  the  angle  either  of  them 
makes  with  the  fixed  1^,  which  lies  between  them  and  constitutes 
the  zero  point  of  the  circle,  can  be  readily  measured,  Tliey  are 
made  of  different  sizes,  and  more  or  less  perfect  in  detail.  All 
rf  them  have  damping  screws  to  set  the  moveable  legs  to  any 
required  angle,  and  some,  like  a  sextant,  are  fitted  with  tangent 


Xul*  for  hoU- 
hutdaws  or 


Bciewa  and  reading  microscopes.  It  ia  an  exceedingly  nmpta  1 
instrument  to  understand,  and  has  no  special  adjuatmenta  or  I 
delicate  mechanism  to  get  out  of  order. 

Of  course,  like  everything  else,  the  Stiition  Pointer  must  b«  I 
used  a  few  timea  before  actual  espertness  can  be  hoped  for.  As  I 
before  stated,  its  use  when  employed  in  connection  with  tliel 
Boxtarit  is  to  fix  a  ship's  ]K)aibion  on  the  chart  by  means  of  two  I 
hurizontal  nngle.'s  Bubtended  by  three  well-defined  objects — aucli  I 
as  towers,  li<;hthou8es,  churches,  windmills,  ialeta,  capes,  poinH^I 
mountain  jieaks,  hills,  or  other  marks  which  may  be  found  on  UrtI 
chart  and  duly  recognised. 

Every  aspiring  officer  should  be  equally  as  quick   with  tba  I 
sextant   in  observing  Itorizontal   angles  aa   he   generally   is  iai 
observing  vertical  ones — the  sun's  altitude,  for  instance.    Strang 
to  say,  this  is  not  the  case.     The  majority  of  officers  seem  tu  be  ' 
under  the  impression  that  the  sextant  can  only  be  held  in  an  up- 
and-down  position,  and  never  dream  that  it  can  just  as  easily  be 
used  on  its  flat  to  take  horizontal  angles.     Clearly  such  men  have  i 
never  taken  a  "lunar  distance,"  or  they  would  know  better.     Al 
sextant  ia  uaefiil  to  measure  ciu^  kind  of  angle,  whether  bori-l 
zontal,  oblique,  or  vertical.     It  should  unquestionably  be  a  parti 
of  an  officer')!  educiition  to  learn  to  handle  his  sextant  so  as  Ml 
observe  oa  readily  and  as  Accurately  one  way  as  the  other;  ajidl 
to  this  end,  therefore,  during  apai-e   half-hours   in   harbour, 
when  sailing  along  a  coast,  take  the  sextants  out  of  their  ca 
and  let  &  couple  or  more  otSccra  measure  horizontal  angles  aimul>  I 
taneously,  until  by  the  a^eemcnt  of  results  it  ia  kuowD  tb 
proficiency  is  attained. 

lu  taking  a  horizontal  angle  between  two  objects,  stand  ere 
and  perfectly  at  ease,  poiso  the  sextaut  lightly  in  the  right  hand^ 
with  it^  face  up,  aud  level  with  the  eye,  do  not  cant  the  head  tol 
one  side,  nor  ben<l  forward — it  looks  awkward,  and  is  unt 
— and  with  the  lofL  hand  advance  the  index-bar  along  the  arc  till 
contact  is  roughly  established,  then  clamp  and  perfect  the  contact 
with  the  alow  motion  screw. 

To  secure  distinct  vision,  it  is  advisable  always  to  look  dirtct 
at  the  faint«r  object  of  the  two,  and  reflect  tlie  brighter  one  to  it 
Consequently,  whenever  it  happens  that  the  fainter  object  is  to 
the  right  hand,  it  may  bo  neccasary  to  hold  the  sextant  face  tttrwn.  J 
Then)  ia  absolutely  no  difliculty  about  this  matter  that  cannot  b«| 
overcome  by  a  very  mo<!«rate  amount  of  practice,  and,  io  i 
yt»n,  the  knowledge  may  prvve  of  incalculable  value. 


AND  HOW  TO  USE  IT.  gg 


To  exemplify  the  use  of  the  Station  Pointer,  let  ns  imagine  a 
vessel  sailing  along  a  weather  shore  beset  with  off-lying  dangers, 
and  desirous  of  hugging  the  coast  to  keep  in  smooth  water,  and 
gain  her  port, — say  Holyhead,  coming  from  Liverpool 

Let  the  reader  refer  to  Admiralty  Chart  1170B 

As  soon  as  Point  Lynas  is  passed,  the  captain  wiU  naturally 
get  anxious  about  those  bugbears  to  navigation,  "  the  Coal "  and 
"Ethel**  rocks.  It  is  true  they  are  buoyed,  but  strong  running 
tides,  gales  of  wind  and  heavy  seas,  are  apt  to  drag  the  buoys 
from  their  proper  positions,  and  so  lure  to  disaster,  as  in  the  case 
(not  so  long  ago)  of  the  S.S.  "  State  of  Louisiana  "  and  the  Hunter 
rock  buoy,  off  Lame,  on  the  Irish  Coast  Besides,  the  compasses 
may  be  swinging  so  as  to  make  bearings  inaccurata  Possibly  the 
vessel  may  be  an  iron  one,  and  the  deviation  uncertain,  or  some 
obstacles  may  be  in  the  way  of  the  object  of  which  you  wish  to 
get  the  bearing.  Whatever  difficulty  may  present  itself  in  getting 
an  accurate  ''fix"  by  the  usual  methods,  none  at  all  exists  with 
the  Sextant  and  Station  Pointer. 

Select  three  objects  on  shore  which  you  know  are  laid  down  on  how  to  fix 
the  chart ;  for  instance.  Point  Lynas  Lighthouse,  the  East  Mouse,  podtum  yxj 
and  the  Middle  Mouse.    Let  an  assistant  measure  with  his  sextant  pointer, 
the  horizontal  angle  between  the  first  two,  whilst  you  at  the  same 
moment  measure  the  angle  between  the  East  and  Middle  Mouse, 
'  noting  the  time  by  watch  for  sake  of  referenca     Having  read  off 
the  sextants,  take  the  Station  Pointer,  and  holding  the  legs  frora 
von,  open  out  the  left-band  one  and  set  it  to  the  left-hand  angle, 
between  Point  Lynas  and  the  East  Mouse.      In  like  manner  set 
the  right-hand  leg  to  the  right-hand  angle,  between  the  East  and 
Middle  Mouse.     Lay  the  instrument  down  on  the  chart,  so  that 
the  feather-edge  of  the  centre  leg  may  pass  over  the  East  Mouse, 
whilst  the  others  pass  respectively  over  Lynas  and  the  West 
Mouse;  thus. 


The  centre  of  the  instrument  will  then  represent  the  exact 
position  of  the  ship,  and  it  may  be  pricked  on  the  Ciiart  through 
the  small  hole  for  the  purpose. 


■  100  ^   GLIMPSE  AT  EUCLID. 

H  As   the   vessel   progresses   Westward,    fresh   stations   csn   ba 

H  selected.     For  example,  when  abreast  of  tlie  Middle  Mouse,  use 

I  it  and  Ljuas   for   the   left-hand   angle,   and    the   Skenies  and 

I  Middle  Mouse  for  the  right-band  angle.      As  the   "C<ial"   and 

I  "Ethel"  rocks  are  approached,  watch  till  the  Middle  Mouse  is  in 

I  one  with  Lynas  Lii^hthouae.     Wbeo  in  transit,  one  angle  between 

I  them  and  the  beacon  on   the  West   Mouse  will  bx  the   ship's 

I  position  with  great  accuracy,  and  so  on  tilt  the  Skerries  an 

I  rounded. 

I  Any  one  who  takes  the  trouble  mentally  to  follow  this  opera- 

I  tion  as  described  above,  will  scarcely  fail  to  see  that  it  cannot  be 

I  surpassed  for  ease  and  dispatch.      Indeed,  if  there  should  be  two 

I  assistantsasangle-takers,  whilst  the  'chief  manipulates  the  StatioD 

I  Pointer  in  the  chart-room,  the  vessel's  position  can  be  accurately/ 

P  laid  down  on  the  chart  in  from  one  to  two  minutes  from  the  time 

I  the  objects  were  pointed  out  between  which  the  angles  were  to  be 

\  taken.     Any  one  doubtful  tias  only  to  try  to  be  convinced, 

Tte  prlndpis  To  comprehend  "  the  why-  and  the  wherefore  "  of  this  method, 
^um  BuUon  which  by  some  is  called  "  The  three-point  problem,"  and  by  othen 
"  The  problem  of  the  two  circles,''  it  is  necessary  to  conaiilt  Euclid, 
but  only  in  a  very  quiet  way.  The  first  thing  to  understand  i^ 
that  through  any  three  points,  not  m  u  straight  line,  a  compteU 
circle  can  alvays  be  drawn,  and  but  one;  {vide  Euclid,  IV.  6), 


L«t  A,  B,  and  C  represent  the  points  through  which  the  circle 
ia  to  be  traced.     Draw  lines  joining  AB  and  bc 

Take  any  extent  in  the  dividers  greater  than  half  the  line  BO, 
and  with  one  foot  in  C  describe  an  arc :  with  the  same  radius,  and 
one  foot  in  B,  describe  another  arc,  cutting  the  former  in  D  and 
E;  through  D  and  A."  draw  a  straight  line.  In  a  similar  manner 
from  A  and  B,  describe  two  arcs,  cutting  each  other  at  >'aad  O. 


YHINQS   WORTH  KNOWING,  loi 


Through  F  and  G  draw  a  straight  line,  which  produced  will  meet 
the  one  ihrongh  D  and  E  at  the  point  H.  Then  from  H,  at  the 
distance  of  any  one  of  the  given  points,  as  HB,  describe  a 
circle,  and  it  will  pass  through  the  other  points  A  and  C  as 
required. 

The  student  would  do  well  to  solve  a  few  cases,  until  satisfied 
in  his  own  mind  that,  no  matter  how  the  points  may  be  placed 
with  respect  to  each  other,  a  circle  can  always  be  drawn  that  will 
pass  through  all  three. 

2ndL  Another  geometrical  peculiarity  has  to  be  considered  and 
imderstood. 


Fuj.  1. 


Anywhere  on  the  circumference  of  a  circle,  select  two  points,  as 
A  and  By  and  connect  them  with  a  straight  line;  this  line  is 
termed  the  chord  of  the  arc  ADB,  ADB  is  also  one  segment  of 
the  circle,  and  AFB  is  another.  Euclid  (III  21)  tells  us  that 
from  any  point  in  the  circumference  on  the  same  side  as  AFB, 
the  points  AB  will  subtend  the  same  an^le.  (Thus  the  angle 
AGB  (Fig.  1)  contains  precisely  the  same  number  of  degrees  as 
the  angle  APB).  This  being  the  case,  it  is  evident  that  the  cir- 
cumference AFB  is  the  measure  of  a  constant  angle,  which  is 
termed  "the  angle  in  the  segment  AFB*'  and  an  observer  getting 
this  angle  must  be  somewhere  on  the  circumference  AFB,  the  size 
of  which  depends  upon  the  angle  observed. 

So  far  the  work  may  not  inaptly  be  compared  to  getting  a 
"line  of  bearing;**  but  it  is  still  necessary  to  fix  the  ship's  place 
on  this  line,— or,  in  other  words,  to  cross  this  bearing  with  another, 
just  in  the  same  way  as  you  would  do  with  compass  bearings,  or 
as  you  might  cut  the  known  parallel  of  latitude  on  the  chart  with 
the  North  and  South  line  of  longitude,  in  order  to  definitely  lay 
off  the  ship's  position.  Latitude  aZone  would  not  do  so,  nor  would 
longitude;  but  the  intersection  of  the  one  with  the  other  indi« 
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cates  the  precise  position.     For  this  purpose,  therefore,  let  us 
imagine  another  circle  somewhat  similar  to  the  foregoing. 


Fig.  2. 


What  has  been  said  about  the  first,  of  courso,  holds  good  with 
this  one  also — namely,  ihxd  from  any  point  in  the  circumference 
BKH,  the  points  BH  will  subtend  the  eame  wngle,  whatever  that 
may  happen  to  be,  according  to  the  size  of  the  segment  Now,  if 
the  angle  subtended  hy  AS  m  Figure  1  were  observed  simul- 
taneously with  the  angle  subtended  by  BH  in  Figure  2,  the  two 
lines  of  bearing  will  intersect  each  other,  and  give  the  place  of 
the  sliip. 

To  show  this  more  clearly,  let  Figures  1  and  2  be  joined 
together  at  the  common  point  B, 


Fig,  S. 


\ 

\ 

\ 


Let  A  represent  Point  Lynas,  B  tlie  Elast  Mouse,  H  the  Middle 
Mouse,  and  jS  the  ship.  Let  the  angle  observed  between  Lynas 
and  the  East  Mouse  be  40^,  and  the  angle  observed  between  the 
East  and  Middle  Mouse  75  ;  draw  the  circles  to  suit  these  angles. 

This  is  done  by  taking  advantage  of  the  fact  that  the  angle  at 
the  centre  of  any  segment  is  double  the  angle  at  the  circum- 
ference.— {Euclid,  IIL  20.)  We  lay  off,  therefore,  from  both  ends 
of  the  line  whose  subtended  angle  we  have  observed,  the  comple- 
ment of  that  angle,  or  what  it  wants  of  90^  The  point  where 
these  lines  meet  is  the  centre  of  the  circle,  which  is  describetl 
with  the  distance  from  this  centre  to  either  end  of  the  line,  as 
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radiua  If  the  angle  obeerved  is  more  than  90^  the  circle  is 
described  by  laying  off  the  number  of  degrees  over  90*,  on  the 
opposite  side  of  the  line  to  that  on  which  we  know  we  are,  and 
proceed  as  before. 

Now,  the  angle  between  Lynas  and  the  East  Mouse  having 
been  observed  as  40",  it  follows  from  what  has  been  said  that  the 
ship  lies  somewhere  on  the  circumference  of  the  one  only  segment 
{AFB)  containing  this  angle  which  can  possibly  be  drawn  on  the 
given  base  AB.  The  position  of  the  ship,  therefore,  is  known  to 
this  extent^  and  half  the  difficulty  is  disposed  of ;  but  that  is  not 
sufficient.  Now,  by  similar  reasoning  it  can  be  shewn  that  the 
ship  lies  also  on  the  circumference  of  the  one  only  segment  BKII, 
which  with  the  angle  75*"  can  be  drawn  on  the  other  given  base 
BBL  She  must  therefore  be  at  5,  the  only  point  which  satisfies 
ike  double  condition,  and  the  only  one  from  which  we  could  have 
obtained  these  two  angles  at  the  same  instant 

In  actual  practice  all  this  is  done  for  us  by  the  Station  Pointer 
without  the  trouble  of  drawing  the  circles,  but  the  explanation  of 
the  principle  upon  which  it  is  based  cannot  fail  but  be  interesting 
to  the  student 

In  order,  however,  that  dependence  may  be  placed  in  the  ship's 
position  when  ascertained  by  these  means,  it  is  necessary  to  he 
familiar  wiih  the  conditions  under  which  the  circles  will  make  good 
cuts.  The  nearer  they  intersect  at  right  angles  the  better;  just 
in  the  same  way  that  we  try  to  select  objects  for  compass  cross 
bearings  which  have  a  difference  of  bearing  of  from  seven  to  nine 
points.  If  the  difference  of  bearing  is  small — say  only  20*^ — the 
point  of  intei*section  is  so  acute  as  to  be  very  ill-defined,  and  any 
slight  error  in  the  bearings  themselves  may  cause  a  very  large 
one  in  the  resulting  position.  If  the  following  half-dozen  rules  Haif-doien 
'  are  attended  to,  this  need  not  be  feared  in  '  fixes '  with  the  quiring 
Station  Pointer. 

1.  The  three  objects  may  lie  in  the  same  straight  Una 


attention. 


^^ 


Fig*. 


/ 
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2.  The  three  objects  may  lie  in  a  carve,  with  the  convexity  towaidi  the 
observer,— that  is  to  say,  the  middle  oljject  is  to  be  the  nearest 


Fig.  5, 


a  The  three  objects  may  be  in  a  curve,  concave  to  the  observer,  so  long 
the  latter  is  either  on  or  wUhin  a  line  joininj^  the  left  and  right  hand 
objects.  ^ .^  s 


FUj.  G, 


4.  The  three  objects  may  lie  in  a  curve,  concave  to  the  observer,  so  lon^ 
the  latter  is  well  outside  the  circle  upon  whose  circumferenee  the  three 
objects  are  situated  In  this  case  the  *  fix'  will  be  good,  notwithstanding 
the  small  angles.      


FigZ  \ 


I 


/ 


I 
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6.  If  two  erf"  the  ol^ects  be  much  nearer  to,  as  compared  with  the  third,  and 
seem,  roughly  speaking,  about  equidistant  from,  the  observer,  at  whose 
position  they  subtend  an  angle  ranging  between  60**  and  120^  whilst  the 
angle  between  the  third  and  middle  point  is  comparatively  small,  the 
selection  is  a  good  ona 

C 


Fig,  8,  ^  /' 


/S 


a  •  Two  of  the  objects  may  be  in  transit  with  the  observer.  If  this  should  be 
the  case,  one  angle  between  them  and  the  third  \a  sufScient  This  Ib  the 
best  and  simplest  '  fix '  of  all    The  single  angle  should  not  be  leas  than 

A 


JL 


In  this  case  the  ship's  position  is  fixed  on  the  circamferenoe  of  7^^  of  ^^ 
the  segment  ASB,  by  producing  the  line  BO  antil  it  cuts  it  at  S.  poi&ts  hi 
If  the  observer  were  at  any  other  part  of  the  circumferenoe^  the 
points  B  and  C  would  not  be  in  transit ;  and  if  he  kept  them  in 
transit^  and  advanced  inside  of  the  circumference,  the  angle  ASB 
would  at  once  increase.  If,  on  the  other  hand,  he  receded  from 
the  circle,  whilst  keeping  B  and  G  in  transit,  the  angle  ASB  would 
as  quickly  diminish.  In  this  problem,  the  circle,  as  before,  gives 
one  line  of  bearing,  so  to  speak,  and  the  points  in  transit  give  the 

•  This  oan  ■caroely  be  incladsrd  in  the    *' problem  of  the  two  drolee,*'  bat  it  is 
fawerted  h«re  with  the  others  for  sake  of  convenience. 


io6 
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f  Out  to  be 

gUArdMl 
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other ;    the  intersection  of  these  two  lines  of  bearing  of  couraa 
fixes  tlie  observer's  position. 

In  each  of  the  six  cases  j  ust  given,  the  position  of  the  observer 
will  be  tixed  with  gi'eater  accinacy  tlian  it  possibly  can  be  by 
compass  bearings.  On  the  other  hand,  it  is  necessary  to  guard 
against  selecting  objecU  lying  in  sueb  relationship  to  each  other, 
titat  a  circle  joining  all  three  would  also  pass  through  tyr  near 
the  place  of  the  observer.  In  aucli  a  case  the  position  is  indeter- 
minate, aa  may  easily  be  shewn  by  construction    For  example  .'— 


Let  D  be  the  observer,  and  Ali  and  DC  the  points  subtending 
the  angles  ADB  and  BDO.  From  what  has  been  said  in  previoiu 
pikgea,  it  is  clear  that  the  angle  ADB  will  be  found  at  any  point 
in  the  segment  ADC;  and  the  same  applies  to  the  angle  BDG. 
(Moreover,  there  is  no  second  circle  to  make  a  cut  with  the  first). 
Consequently,  to  fix  the  observer's  position  with  the  Statioa 
Pointer  is  impossible,  though  In  this  instance  Compass  croH»< 
bearings  of  A  and  C  would  be  splendid.  The  chances,  however^ 
are  a  thousand  to  one  against  the  occuri-ence  of  such  a  ct 
but  others  may  hap|>en  verging  so  closely  upon  it  as  practically 
to  amount  to  the  ttuine  thing. 
I  Where  this  sort  of  thing  doea  happen,  and  the  circles  nearly 
coincide,  it  will  bo  found  that  the  centre  of  the  Stution  Pointer 
may  be  moved  about  very  considerably  and  the  logs  will  still 
cover  the  three  objects.  On  the  otlier  hand,  the  "fix"  will  be 
good  in  cases  where  a  alight  movement  throws  one  or  man  o( 
the  pnitiUi  away  from  its  own  )>arttcular  leg. 

However,  a  little  experience  will  soon  enable  anyone  by  the  eye 
alone  to  judge  if  the  objects  are  ill-conditioned,  when,  of  coar^e^ 
one  of  the  proposed  points  must  be  rejected,  and  another  sought 
for  in  a  better  situation. 

Another  objectionable  caie  In  when  Uio  middle  point  ia  near. 
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and  the  other  points  both  far  off  Constructing  the  figure  will  in 
this  case  shew  that  the  two  circles  will  so  nearly  touch  eostemodly 
as  to  make  the  cut  a  very  indefinite  one. 


Fig.  11.  |j 

•  ; 

)^  Oh99ry§r 
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Were  the  observer  in  figure  11  to  be  as  far  from  ^,  as  ^  is  from 
B  or  Q  the  fix  would  be  a  better  one,  as  will  be  found  on  trial. 
The  asealous  student,  anxious  to  master  the  subject,  cannot  do 
better  than  create  imaginary  cases,  and  by  constructing  the  figures, 
will  speedily  acquire  the  knowledge  which  will  guide  him  un- 
erringly when  the  time  comes  to  put  it  into  practice. 

It  must  constantly  be  remembered,  that  in  using  the  Station  sution 
Pointer,  it  does  not  follow  that  it  wUl  of  itself  reveal  the  objection-  J^^jjj^ 
aUe  cases  here  alluded  to,  in  which  the  position  is  uncertain.    For  oonditionod 
when  a  position  is  found  on  the  chart  by  the  legs  of  the  instrument 
passing  correctly  over  the  three  points,  it  may  not  occur  to  the 
operator  that,  by  moving  it  about  from  place  to  place,  several 
others  may  be  found  where  the  same  effect  will  be  produced. 

Whether  the  position  is  laid  down  on  the  chart  by  the  actual 
protraction  of  the  angles  and  the  circles,  or,  more  readily,  by  the 
Station  Pointer,  any  ambiguity  which  would  be  shewn  by  the  one 
method,  really  exists  also  in  the  other,  and  in  the  case  of  the 
Station  Pointer  is  all  the  more  dangerous  because  it  is  not  brought 
prominently  into  notica 

The  writer  does  not  by  any  means  congratulate  himself  upon 
selecting  the  case  of  a  vessel  passing  round  the  Skerries  as  a  good 
illustration  of  the  value  of  the  Station  Pointer.  The  north  coast 
of  Anglesea  was  chosen  solely  because  that,  while  it  sufficiently 
well  served  to  shew  how  the  instrument  is  used,  it  was  probably 
also  familiar  ground  to  many  of  the  readers  of  this  book. 
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There  are  many  parte  of  the  world  much  better  adapted  to  dis- 
play the  great  value  of  the  method  wherein  the  Station  Pointer 
saves  so  much  time  aad  Labour — the  eastern  entrance  to  Magellan 
Straits  may  be  quoted  as  a  good  example.  Before  passing  tha 
First  Narrows,  the  tide  has  a  velocity  of  8  to  9  knote  at  springs, 
and  a  rise  and  fall  of  44  feoi  Low  and  distant  marks,  the  absence 
of  buoys,  a  wide  expanse  of  watur,  with  intricate  channels  amid 
vast  banks  of  sand,  necessitate  most  careful  navigation  and  cool 
judgment  Should  the  vessel  be  going  with  the  tide,  there  is  not 
much  time  for  consideration,  and  the  most  expeditious,  as  well  aa 
accurate  method,  is  the  one  which  finds  favour  with  the  man  upon 
whose  shoulders  rests  the  responsibility.  Under  these  circiiin> 
stances  the  Station  Pointer  comes  well  to  the  front 
AdTuUce  of  Just  notice  the  difference  between  it  and  the  Compass.  An 
Po^w  0T4r  *"&'*'  i^  taken  much  more  quickly,  and  very  much  more  accurately, 
than  a  bearing.  If  the  objects  are  di.stant,  a  trifling  error  in  the 
bearing  will  materially  affect  the  resulting  position ;  while  aa 
error  in  the  angle  can  scarcely  amount  to  the  tenth  part  of  a 
degrea  Again,  when  the  courses  are  being  altered  pretty  rapicUj, 
to  suit  the  windings  of  a  channel,  the  deviation  U  eoiUutaaUjr 
ehanffing  vsith  each  frt»h  direefioH  of  the  tkip'a  head;  and  here, 
then,  arises  another  element  of  uncertainty,  to  which  may  be 
added  the  possibility  of  applying  the  deviation  the  wrong  way — 
a  thing  which  may  happen  to  the  most  cleur-h<;aded  in  momeota 
of  excitement  and  hurry, 

Further,  at  a  most  critical  juncture,  some  obstacle  may  inter- 
vene between  the  Standard  Compass  and  the  object  of  which  the 
bearing  is  required.  Now,  the  Compass  cannot  be  moved  to  any 
part  of  the  ship,  but  the  Sextant  can — another  very  decided 
advantage.  Moreover,  as  before  stated,  the  Compass  may  be 
swinging  one  or  more  pointe  with  the  motion  of  the  siiip,  and 
this  is  mir*  to  be  the  case   crossing   bars   when  there  is  any 


A  compass  cross-bearing  cannot  very  well  be  taken  by  two  men 
at  the  saine  time.  It  is  one  man's  work  only,  and  whilst  taking 
the  second  bearing  he  has  to  recollect  the  first,  and  afterwards  both 
of  them,  till  theyaretinally  laid-offon  the  chart.  In  the  meantime 
the  ship  is  speeding  on.  With  the  Station  Pointer  method,  three 
men  (captain  and  two  ofSccrs)  cau  work  together,  and  the  anglee 
ue  taken  simultaneously.  Let  the  o&icera  take  the  angles,  whilst 
the  captain  stands — Station  Pointer  in  liand — with  the  chart 
spread  out  on  the  table  before  him.     As  the  angles  are  read  oflC 
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tbejr  are  put  upon  the  Station  Pointer,  popped  down  on  the  chart, 
tad  in  an  instant  the  ship's  position  is  found  to  a  nicety. 

Where  two  objects  can  be  got  in  transit,  only  one  angle  is 
necessary,  and,  consequently,  only  one  assistant.  These  cases 
ihoald  be  spedally  looked  for  and  utilized. 

To  avoid  bungling,  get  into  the  habit  of  always  working  on  an  SeUttT*  poit 
cstaUished  system.  There  is  nothing  like  method.  For  example,  %oau%.^^^ 
one  officer  should  be  told  off  for  left-hand  angles,  and  another  for 
right-hand  angles,  and  no  chopping  or  changing  permitted.  Let 
them  also  stand  side  by  side  in  their  proper  relative  positions,  so 
that  ibey  need  not  observe  across  each  other,  and  that  the  mind 
may  be  trained  to  a  sense  of  order. 

When  giving  in  the  figures  for  the  Station  Pointer,  they  should 
speak  briefly,  distinctly,  and  one  at  a  time,  thus: — ''Left-hand 
angle  64'  15V'  cmd  when  the  instrument  is  set  to  this — and  not 
liefore — **  Right-hand  angle  43**  22'."    This  saves  confusion. 

It  may,  however,  sometimes  happen  that  the  Navigator  will  ^^  sbcIm 
have  no  assistants,  and  so  be  compelled  to  do  the  whole  thing  ointrfw.^"* 
himself!  In  this  case  it  is  a  first-rate  dodge  to  have  two  fiat  pieces 
of  Ihtass  fitted  to  slide  along  the  arc  of  the  sextant  and  clamp  to 
it  at  any  given  part  Place  one  in  front  of,  and  the  other  in  rear 
of  the  vernier,  so  that  the  latter  can  be  made  to  butt  against  either, 
according  to  circumstances.  We  may  give  these  two  brass  out- 
riders the  name  of  '  stopa' 

To  use  them,  proceed  after  this  fashion : — We  will  suppose  a 
ease  where  one  angle  is  markedly  larger  than  the  other,  and 
getting  larger  all  the  time  as  the  vessel  sails  on,  and  that  you 
resolve  to  take  it  first  Dispense  altogether,  therefore,  with  the 
'stop"  in  rear  of  the  vernier,  by  clamping  it  at  the  extreme  zero  speetaifltiiiM 
end  of  the  arc,  where  it  will  be  out  of  the  way.  Then,  unclamp-  *®  ■•«»»*• 
ing  the  leading  '  stop,'  bring  it  into  contact  with  the  vernier,  and 
with  the  two  pressed  together  between  the  left  thumb  and  fore- 
finger^  and  the  sextant  at  the  eye — slide  them  along  the  arc 
until  the  observed  objects  overlap  just  a  trifle,  then  quickly 
damp  the  *  stop,'  keep  the  vernier  firmly  pressed  against  it,  and 
when  exact  coincidence  is  established  between  the  marks  selected 
by  the  angle  getting  larger,  immediately  release  the  vernier,  take 
the  smaller  angle  and  clamp  securely — you  need  not  lose  ten 
Mconds  in  doing  it,  unless  you  are  very  buttery-lingered  indeed. 

Now  read  off  the  last  angle,  and  at  once  transfer  it  to  the 
Station  Pointer,  then  unclamp  the  vernier  and  slide  it  forward 
against  the  'stop,'  which  until  now  has  been  keeping  guard  over 


CAPTAIS  DAVISS  PATENT. 


the  fimt  angle  until  you  were  at  liberty  to  read  it  off  By  this 
little  stratagem  it  is  possible  ibr  an  adroit  observer  to  lueasare 
two  angles  almoBt  simultaneously. 

Of  course,  if  it  were  tlesirable  to  got  the  smaller  angle  first,  you 
would  have  to  employ  the  rear  stop  belonging  to  the  zero  end  of 
the  arc,  and  consign  the  other  to  the  far  end  of  the  instrument 
Very  little  practice  is  required  to  handle  the  '  stops '  with  cxperi- 
ness,  and  the  Navigator  will  soon  find  out  for  himself  that  they 
are  uncommonly  handy  not  only  for  this,  but  for  various  other 
observations.* 
ubi«  ^"  going  through  intricate  channels,  it  is  usual  in  steamers 
'*K*  to  have  a  chart  table  on  the  bridge,  well  sheltered  under  the 
weather-cloth.  This  impromptu  chart-room  is  used  at  such  times 
in  preference  to  the  regular  one,  which  perhaps  is  inconveniently 
situated,  and  would  necetuitate  constant  running  up  and  dowu 
the  bridge  ladder. 

The  Bosphorus,  Dardanelles,  Grecian  Archipelago,  Gulf  of  Suez, 
Bed  Sea,  Gulf  of  Aden,  and  a  thousand  other  placid,  might  be 
mentioned  where  the  Station  Pointer  would  be  found  extremely 
useful  Tlkose  who  have  tried  it,  within  the  knowledge  of  tho 
writer,  have  invariably  spoken  in  its  praise,  and  wondered  how 
they  were  ever  able  lo  get  along  without  it. 

It  may  be  noted  hero  that  if  the  points  used  to  fix  by  are  not 
correctly  placed  on  the  chart,  tlie  Station  Pointer  will  not  indicatd 
anything  wrong  unless  a  third  or  "check  angle"  be  taken  and 
plotted.  In  cose  of  non-agreement,  it  is  certain  that  somothing  is 
adrift.  Be  careful,  therefore,  not  to  use  the  Station  Pointer  Quieaa 
your  chart  is  the  outcome  of  a  regular  trigonometrical  survey  by 
competent  persons.  On  au  Admiralty  sheet  this  information  is 
always  given. 

Where  tkt  aceura<y  of  the  chart  i»  tloul't/ul,  it  U  better  to  gtkk  to 
the  compose. 
Tndagpfcpw     Tracing  paper,  on  which  a  graduated  circle  has  been  printed, 
A  *niMUtaM    is  at  times  an  excellent  sulMtituto  for  the  Station  Pointer,  and 
t^iaiM.  'II  some  cases  preferable   to  the  instrument  itselt     When,  for 

example,  the  objects  used  for  the  angles  are  very  near  the  obscrvW) 
they  will  come  wUhin  the  brass  circle  of  the  Station  Pointer,  sod  I 
be  more  or  less  hidden  by  it     Plain  tracing  paper  may  also  b*  J 

■  PulUr,  i4  tlw  Vonltrj,  Loadon.  flti  wiUnU  in  thb  uimnaar.     Il  !•■ 
tha  Ula  Ckpt.  DktU,  H.N.     In  ouonwtion  wiOi  it  then  u  •  mien>mal« 
•OMV  wUcfa  i«  uhhI  tuT  a  tnUIlj  dl<I«n.<nl  purpose,  bat  duabU^  Ul.  KoUar  a 
■up)il;  eitlwr  ur  b^th  H  misht  ba  rvritiirad. 
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placed  over  a  circle  graduated  on  card-board,  and  the  required  pair 

of  angles  ruled  in.     These  card-board  circles  can  be  procured  from  oradiutad 

or  through  any  optician.     They  are  10  inches  in  diameter,  and  ^2*i^^ 

divided  to  quarter  degrees.      This  admits  of  angles  being  laid  off 

by  estimation  to  the  eighth  part  of  a  degree,  or  even  less.     Windy 

days,  however,  do  not  suit  tracing  paper  when  used  on  the  bridge. 

A  Station  Pointer  with  a  circle  six  inches  in  diameter,  and  oonTenient 
12-inch  legs  in  the  clear,  is  a  handy  size  for  navigating  use  on  tion  Points, 
board  ship.  Lengthening  bars  9  inches  long  ought  to  be  supplied 
in  the  case.  By  attaching  these  to  the  extremity  of  the  legs,  an 
increased  range  is  obtainable  when  necessary.  It  is  sufficient  that 
the  vernier  reads  to  single  minutes.  The  divisions  on  the  circle 
should  be  strongly  marked  on  brass,  for  convenience  of  rapid 
setting  in  bad  lighta  When  the  arc  is  not  too  finely  cut,  a  man 
with  fairly  good  eyes  can  set  his  instrument  quite  correctly 
wiUiout  the  aid  of  the  small  magnifying  glass  which  is  always  to 
be  found  in  the  casa  This  is  an  advantage  not  to  be  sneezed  at, 
and  is  not  to  be  had  with  a  silver  arc  Such  an  instrument, 
fitted  with  tangent  screws,  in  mahogany  case  complete,  costs  £8, 
perhaps  less. 

To  acquire  the  knack  ofgettmg  the  Station  Pointer  legs  to  cover  lmioii  in 
their  respective  points  quickly,  is  not  difficult.  First  place  the  "**^'"*****"* 
bevelled  edge  of  the  central  leg  on  the  middle  object  of  the  three, 
keeping  it  on  this  point  as  a  sort  of  pivot ;  then  move  the  body  of 
the  instmment  to  the  right  or  left,  and  slide  it  to  and  fro  on  the 
paper  till  the  other  two  points  are  also  in  contact  with  the  bevelled 
edges  of  their  respective  legs.  The  nick  at  the  centre  of  the 
instmment  will  then  represent  the  sought  for  position  of  the 
observer. 

In  concluding  this  chapter,  the  writer  hopes  he  has  fully  ^'^^^-S? 
demonstrated  the  value  of  "the  three-point  problem,*'  and  the 
instrument  which  renders  its  application  so  easy  in  practice. 
Let  the  reader  not  be  frightened  at  the  weak  points  which  have 
been  brought  under  his  notice,  since  a  little  pains  will  enable  him 
to  steer  clear  of  them,  and  to  utilise  to  his  own  benefit  an  instixi- 
ment  which  possesses  so  much  real  merit 

J.  H.  Laughton,  Mathematical  and  Naval  Instructor  at  Green- 
wich, is  the  distinguished  author  of  an  excellent  little  book  on 
Nautical  Surveying,  which  has  been  the  cherished  companion  of 
the  writer  since  first  published  in  1872.  At  page  145,  when 
winding  up  his  remarks  on  the  use  of  the  Sextant  and  Station 
Pointer,  Mr.  Laughton  puts  the  thing  so  clearly  and  so  forcibly 
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that  it  is  impossible  not  to  quote  him.  He  says: — ^"I  have  wished, 
in  these  last  few  pages,  to  show  how  the  position  of  a  ship^  when 
in  with  the  land,  may  be  laid  down ;  how  dangers  may  be  avoided; 
how  a  course  may  be  steered  without  the  compas&  In  the 
practice  of  navigation  and  pilotage,  the  attempt  to  do  without 
the  compass  would  be  worse  than  absurd ;  it  would  be  blameable 
in  the  extreme ;  but  cases  may  occur,  as  I  have  endeavoured  to 
point  out,  in  which  the  sextant  is  a  safer  guide  than  the  compass, 
or  in  which  it  is  a  most  valuable  auxiliary  to  it  To  examine  into 
these  cases  is  the  Navigator's  duty;  it  is  the  Surveyor's  duty  to 
provide  him  with  the  necessary  data^  accurately  laid  down." 


CHAPTER   XL 

BOUNDING  HACEINEB  AND  UMB. 

In  days  long  past,  the  Ancient  Mariner  guided  his  ricketty  craft 
over  the  ocean  principally  by  "the  three  L's/'— "Log,  Lead,  and  TiieflT***!'^^ 
Lookout."  When,  later  on,  the  astrolabe  and  cross-staff  were 
invented,  and  certain  astronomical  data  became  available,  another 
"h"  (Latitude)  was  added  to  the  number.  In  the  present  day, 
when  the  nautical  schoolmaster  is  abroad,  and  chronometers  almost 
go  b^ging,  this  regiment  of  "L's"  is  augmented  by  a  fifth  and  very 
important  comrade,  namely.  Longitude.  Nevertheless,  the  Veterans 
still  hold  their  own,  and  are  likely  to  do  so  as  long  as  fog  and 
clouds  continue  to  obscure  celestial  objects  from  the  anxious 
navigator. 

When  a  ship  is  stranded  through  thick  weather,  the  members  of  j^g^i  import- 
the  Court  of  Enquiiy  very  properly  lay  great  stress  on  the  question  "*^  attached 
as  to  whether  proper  soundings  were  taken  or  not — the  omission 
to  do  so  being  considered  a  grave  default  From  time  immemorial 
the  Lead  has  been  justly  looked  upon  as  one  of  the  mainstays  of 
Navigation,  and  to  it,  and  its  companion  the  Log,  will  be  devoted 
the  present  chapter. 

Every  seaman  is  familiar  with  the  ordinary  "Deep-sea  Lead  and 
Line,"  and  although  it  did  very  well  for  our  grandsires,  who 
were  in  no  particular  hurry,  it  is  obliged  in  these  fast  days  to 
make  room  for  a  better  form  of  article. 

When  running  up  channel  before  a  howling  gale  of  wind,  and  it  nunooity  of 
became  necessary  to  ask  information  from  the  bottom  as  to  the  Bonndinff,  old 
ship's  whereabouts,  evevy  seaman  knows  that  the  operation  in- 
volved much  labour  and  loss  of  timci  and  sometimes  considerable 
periL  The  hands  had  to  be  called,  sail  shortened,  and  the  ship 
rounded  to  the  wind  in  the  face  of  a  dangerous  sea  When  her 
way  was  all  but  stopped,  in  obedience  to  the  word  "heave,"  the 

H 


I  lead  was  let  go  from  forward,  quickly  followed  by  the  cry  ofl 

I  "  watch  there,  watch,"  and  an  experienced  man  on  the  weatheq 

I  quarter  allowed  the  line  to  run  through  his  hands  till  hottom  waH 

I  obtained.     By  this  time  the  vessel  had  drifted  to  leeward,  oikH 

I  according  to  the  qunntity  of  line  run  out,  and  the  angle  it  madd 

I  with  the  surface  when   being   hauled  in,  a  certain  number  ofl 

■  fathoms  was  deducted  by  y«M3  from  the  gross  amount,  in  order  td 

I  arrive  at  an  estimation  of  the  true  depth  of  water.     After  thiu 

I  the  vessel  had  to  be  kept  away,  and  sail  set,  before  '  the  watcn 

I  below'  could  be  dismissed.    Will  any  one  wonder  that  masters ofl 

I  ships  sounded  as  seldom  as  possible  T     Scarcely!!  especially  wheH 

r  it  is  understood  that  to  be  of  any  service  the  operation  must  bM 

*  rtasto  cut  repeated  every  few  miles.  A  aingle  cast  of  the  lead  is  worse  thod 
cf  no  nine,  useless,  inasmuch  as  It  may  confirm  an  error  in  the  assuoiMfl 
position  of  the  ship.  m 

This  necessity  for  repeated  sounding  was  undoubtedly  a  bard<fl 
ship,  but  it  can  no  longer  be  considered  so,  as  there  are  now  patenM 
machines  with  which  soundings  can  be  taken  without  stopping 
the  ship  or  deviating  from  the  course.     There  are  many  vorietieM 
of  these,  such  as  Uassey's,  Walker's,  and  others.     The  one  whiclJ 
in  the  writer's  opinion,  immeasurably  excels  all  others,  is  ttiat  iii4 
vented  five  or  six  years  ago  by  Professor  Sir  William  Thomson.     I 
t  Hr  w  nom-      "^^^  apparatus,  briefly  described,  consists  of  a  drum,  about  a  fooll 
I  MD'a  Booad-   in  diameter  and  four  inches  wide,  upon  which  300  fathoms  of  steed 
I  lag  KsdiiB*.   pianoforte  wire  are  tightly  wound.     To  the  wire  is  attached  M 
feet  of  log-line,  and  to  this  is  fastened  an  iron  sinker,  about  twiod 
the  length  of  ihc  ordinary  lead,  but  not  so  thick.   On  the  log-Iinfl|fl 
between  the  wire  and  the  sinker,  a  small  copper  tube  is  seoirctd 
seized.     The  lower  end  of  this  tube  is  perforated;  the  upper  en^| 
being  opened  or  shut  at  pleasure  by  means  of  a  close-fitting  capifl 
When  ready  for  sounding,  the  copper  tube  contains  a  smaller  sii«i|l 
glass  one.     This  latter  also  is  open  at  the  bottom  end,  and  hermetJI 
ically  seated  at  the  other.     The  interior  surface  is  coated  with  a 
chemical  preparation  of  a  light  salmon  colour  (chromate  of  silver). 
The  drum  is  fitted  with  a  brake  cord,  which,  on  a  cast  being  taken, 
controls  ita  speed,  and  ultimately  arrests  it  when  the  lead  tou<^es 
the  bottom.     A  pair  of  sinall  winch  handles  wind  up  the  wir« 
again,  and  the  depth  is  shown  by  the  height  of  the  discoloration 
on  the  inside  of  the  glass  tube. 

As  the  lead  deecenda,  the  water  is  forced  up  the  tube  in  ohedienon 
to  certain  well-known  laws,  discovered  quite  inde|>eodent)y,  though 
about  the  same  time,  by  B^iyte  in  thti;  country,  and  Mariott«  m 
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France,  and  afterwards  perfected  by  Regnault  The  chemical 
actum  of  the  salti  where  it  comes  into  contact  with  the  salmon 
edoar,  turns  it  to  a  milky  white  (chloride  of  silver).  This  point  of 
jonctioii  of  the  two  colours^  when  the  glass  tube  is  applied  to  a 
graduated  boxwood  scale,  tells  the  depth  to  which  the  lead  de- 
aeraided.  The  sinker  is  ''armed'*  in  the  usual  way.  Nothing  can  be 
neater  than  this  arrangement  Its  advantages  are  as  follows : — 
ML  Let  the  speed  of  the  ship  be  anything  up  to  16  knots  an  idTantacM 

hour,  or  even  upwards,  bottom  can  be  obtained  at  a  depth  ot^j^^^^.^ 

100  fathoms  without  slowing  or  deviating  from  the  course,      invtattcm. 
SiidL  Instead  of  requiring  all  bands  "  to  pass  the  line  along,** 

two  men  and  an  officer  are  sufficient  to  work  it  under  all 

circamstancea 
3rd  A  cast  can  be  taken  in  100  fathoms,  and  depth  correctly 

ascertained  in  from  4  to  7  minutes,  according  to  the  speed 

of  the  ship. 
4dL  This  great  saving  of  labour  and  time  admits  of  soundings 

being  much  more  frequently  taken  than  formerly,  resulting 

in  greater  safety  to  life  and  property. 
5A.  A  regular  ''chain"  of  soundings,  with  correct  "time  intervais*' 

is  now  not  only  possible,  but  easy ;  and  this  latter  is  the  sole 

method  which  can  be  depended  upon  to  give  the  place  of  the 

diip  with  any  degree  of  certainty,  since  a  single  cast  is  not 

only  useless  in  the  majority  of  cases,  but  is  apt  to  prove 

mischievous  in  the  extreme. 
When  not  wanted,  the  drum  is  kept  in  a  tank  of  lime  water,  to 
preserve  the  wire  from  rusting.  A  small  pamphlet  of  directions 
accompanies  the  machine;  but  after  seeing  it  once  or  twice  in 
operation,  the  mode  of  working  is  so  self-evident,  as  to  render  the 
instructions  unnecessary.  The  writer  has  had  it  in  use  for  close 
upon  five  years,  and  during  that  time  has  had  many  opportunities 
of  testing  it  with  most  convincing  resulta  By  its  aid  he  on  one 
occasion,  during  a  thick  fog,  brought  a  new  steamer  of  430  feet 
in  length  from  Belfast  to  Liverpool,  when  many  of  the  coasting 
boats  would  not  venture,  and  of  those  that  did  a  large  percentage 
got  ashore.^ 

•  Sir  W.  TlMmaon  has  more  reoently  brought  out  a  new  form  of  Bounding  machine 
bat  Um  wziter  does  not  like  it  nearly  so  well  ai  the  one  described  in  the  text.  One 
of  tbe  pcindpal  drawbacks  to  it  is  that,  should  the  wire  break,  you  are  ''up  a  tree  ** 
udMS  there  is  a  second  on  boaid,  which  is  scarcely  likely,  as  the  apparatus  is  costly. 
With  the  original  inyention  there  is  sufficient  spare  gear  supplied  (inexpensive  in  its 
natme)  to  allow  of  three  or  four  breakages,  wldch,  howeyer,  can  scarcely  all  happen 
ia  ooe  voyage,  except  throogh  groM  oareleesness.  It  does  not  appear  either  that  the 
fosm  is  quite  so  oertain  in  its  action  as  the  other. 


Soundings  are  frequently  very  unjustly  abused,  and  spoken 
aboat  as  worthless, /rom  vmiU  of  huywUd^e  of  how  to  apply  thera 
(in  a  methodical  manner),  so  as  to  turn  their  indications  to  proj)er 
account.  It  cannot  be  too  forcibly  impressed  that  half  a  dozen 
casts  taken  here  and  there  at  random,  will  seldom  fix  the  ship's 
position,  and  indeed  under  certain  circumstances  might  very 
seriously  mislead.  Sir  William  Thomson,  in  his  "Lecture  on 
Navigation,"  mentions  the  only  plan  whereby  the  lead  can  ba 
expected  to  determine  the  ship's  position  with  any  degree  of 
certainty.     He  says, — 

"  Take  a  long  slip  of  ctird,  or  of  stiff  paper,  and  mark  along  out 
edge  of  it  points  at  succes-sive  distances  from  one  another,  equal, 
according  to  the  scale  of  your  chart,  to  the  actual  distance  esti- 
mated as  having  been  run  by  the  ship  in  the  intervals  between 
successive  Boundings.  If  the  ship  has  run  a  straight  coarse,  the 
edge  of  the  card  must  be  straight,  but  if  there  has  been  any 
change  of  direction  in  the  course,  the  card  must  he  cut  with  » 
corresponding  deviation  from  the  original  direction.  Beside  each 
of  Lho  points  thus  marked  on  the  edge,  write  on  the  card  the 
doptli  and  chai-actcr  of  bottom  found  by  the  lead.  Then  place 
tlie  card  on  the  chart,  and  slip  it  about  till  you  find  an  agreement 
between  the  soundings  marked  on  the  chart  and  the  seriea  marked 
on  your  card." 

The  writer  has  practised  this  plan  for  many  years,  with  just  • 
slight  difference,  to  which,  on  consideration,  the  reader  will  pro- 
bably give  the  preference. 

Instead  of  cardboard,  use  tracing  paper,  upon  which  you  hara 
ruled  the  courses  and  distancce,  with  corresponding  depths. 

The  advantages  consist,  for  one  thing,  in  tlie  transparency  of 
the  Imcing  paper  admitting  of  the  chart  soundings  being  visible 
in  every  direction  underneath  it,  whieh  greatly  facilitates  the  task 
of  making  Liie  actual  soundings  "  tally  "  with  those  on  the  chart ; 
and  again,  the  ruling  in  of  the  courses,  &o.,  on  the  tracing  paper 
is  quicker  done,  and,  in  any  case,  ia  a  more  familiar  operation  to 
the  seaman  than  the  use  of  the  scissors  A  meridian  line  should 
aUo  be  ruled  on  thn  tracing  paper,  so  that,  when  moving  the 
latter  about  on  the  chart,  it  may  not  get  out  of  "  slue." 

The  groat  superiority  of  this  method,  when  the  navigator  haa  to 
fall  back  upon  soundings  to  ascertain  his  ship's  position,  cannot  be 
too  much  dwelt  upon.  Witli  the  machine  juat  described  then)  is 
no  difficulty  in  putting  it  in  practice.  It  is  true  that  the  first  coat 
of  the  apparatus  is  considerable,  but  with  the  steanuhip  owner — 
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perhaps  more  than  most  men — **  Time  is  money ;"  and  half  a  day's 
"groping"  in  a  large  vessel  will  bum  more  coal  than  would  pay 
for  it  twice  over.  This  is  putting  all  sorts  of  contingencies  due  to 
detention  on  one  side.  Every  one  in  the  business  knows  that  the 
loss  of  a  certain  tide  may  entail  (directly  as  well  as  indirectly)  an 
extra  expense  of  three  or  four  hundred  pounds  on  large  steamers 
running  on  schedule  time.  The  cost  of  a  sounding  machine  is 
very  insignificant  in  comparison  with  this. 

The  other  kinds  of  sounding  machines  vary  in  certain  minor  prineipto  of 
details,  but  they  nearly  all  depend  upon  the  principle  of  the  ^J^j^JJJJJJ 
rotating  fly.  A  small  cylinder,  protected  by  brass  guards,  is  caused 
to  rotate  in  its  descent  through  tlie  water  by  vanes  or  blades  set 
obliquely  to  its  axis ;  this  communicates  motion,  by  an  endless 
screw  or  worm,  to  a  train  of  toothed  gearing.  On  the  machine 
leaching  the  bottom,  an  arm  falls  and  locks  the  rotator,  so  that  it 
cannot  revolve  the  back  way  as  it  is  pulled  to  the  surface.  An 
index  points  to  figures  on  a  graduated  dial,  which  indicate  the 
depth  of  water  reached. 

These  instruments  are  very  good,  but  they  nearly  all  possess  sonndliir 
wh&t  may  be  termed  an  index-error — that  is  to  say,  they  either  jSjJjJ?*** 
show  too  much  or  too  little.  When  quite  new  they  are  generally 
correct,  but,  through  wear  of  the  working  parts — or  mm^e  likely 
from  knocks  under  the  counter  in  havXing  in — they  seldom  long 
remain  sa  However,  their  error  is  easily  determined,  and  an 
account  of  it,  with  date  when  determined,  should  be  kept  in  a 
small  pass-book  in  the  box  containing  the  machiua 

To  ascertain  the  index-error :  any  time  when  the  vessel  is  at  to  ascertain 
anchor  in  tolerably  deep  water  the  depth  indicated  may  be  com-  ^*  ^  ii»rtooui 
pared  with  the  actual  depth  found  by  a  carefully  marked  lead-line; 
should  the  depth  be  under  20  fathoms,  it  is  a  good  plan  to  take 
several  measurements  by  the  machine  without  resetting  it,  and 
divide  the  last  reading  by  the  number  of  casts;  or,  what  is 
pretty  much  the  same  thing,  multiply  the  actual  depth  of  water 
by  the  number  of  casts,  and  compare  the  result  with  the  last 
leading. 

For  instance,  in  20  fathoms  of  water,  let  five  casts  be  taken 
without  resetting  the  instrument.  Now,  it  is  clear  that  if  it 
indicated  truly,  the  last  reading  should  be  100  fathoms;  but 
supposing  it  to  be  05  fathoms  instead,  then  the  index-error  is 
about  five  per  cent,  to  be  added  to  any  soundings  which  may  be 
taken  utUH  the  index-^rror  is  again  ascertained, 

A  still  better  plan  may  be  resorted  to  at  sea  if  any  temporary  J^^^^l^^^ 


ii8 


TAKING  A  CAST. 
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ddrangement  of  the  eu}>iiies  of  a  steamer  neceaaitates  a  short 
stoppage,  or  iu  a  calm  if  a  sailing  ship. 

Set  the  sounding  machine  to  zero,  and  attach  it  to  the  deep* 
sea  lead  and  line  in  the  usual  way.  Mnke  the  other  end  of  t 
line  fast  to  the  tafirati,  with  just  enough  drift  to  allow  the  \0f^ 
fathom  mark  to  touch  the  water  when  the  cast  is  taken ;  mak4 
the  line  up  into  four  or  five  coils  of  2U  or  25  fathoms  each,  and 
let  as  many  men  as  there  are  coils  hold  them  over  the  stcru  ;  UpoO; 
a  given  signal,  let  go  the  l«ad  simultaneously  with  the  tirst  coi^ 
and  immediately  after,  each  of  the  others,  taking  care  to  drop 
them  on  their  flats,  proper  ^de  up.  If  the  vessel's  way  isentireljr 
stopped,  the  machine  will  of  course  descend  vertically  to  a  deptlt 
of  100  fathoms,  and  should  legistor  that  water ;  if  not,  the  ditfep? 
ence  will  be  the  perccnt^^;e  of  error.  If  there  be  time,  repeat  th4 
operation  once  or  twice,  and  take  the  mean  result  as  the  index- 
error. 

Either  before,  or  immediately  after,  UH  the  mfamrenmit  of  x/our 
lead-line. 

The  foregoing  is  a  correct  description  of  the  moile  adopted  in 
steamships  to  sound  with  these  instruments.  Should  the  watoi 
be  deep,  the  vessel  is  slowed  down.  In  sailing  ships  the  nmchini 
is  usually  cast  over  from  forward,  and  the  men  with  the  coils  an 
stationed  at  intervals  along  the  ship's  side  in  the  ordinary  wayj 
but  they  should  be  instructed  at  ciux  to  let  go  their  coils,  and  do| 
try  for  bottom,  as  they  would  do  with  the  common  deep-sea  load. 
In  steamers,  the  men  ate  stationed  across  the  taffrail,  and  I 
coils  are  dropped  over  the  stern  to  prevent  the  bight  of  th«  lia 
getting  foul  of  the  propeller. 

The  deep-sea   line   should   be  kept   on  a  suitable   reel, 
protected  from  wet  by  a  painted  canvass  cover.     When  )' 
ia  DO  reel,  it  is  handy  to  coil   the  line  in  a  small   tub,  witi 
a  hole  in  the  bottom  thi-ough  which  to  pass  the  inboard  end 
BO  that  it  may  be  made    fast  to  a  belaying  pin,  or  hitched  Uy 
a  backstay.* 

The  common  deep-sea  lead  and  line  ought  to  be  kept  on  deck 
ready  fur  use  at  a  minute's  notice.     Should  the  vessel  at  any  t 
appear  to  be  passing  through  shoal   wat«r  nut  marked  on 
chart,  stop  her  at  once,  and  ann  the  lead  before  sounding, 
not  make  certain  that  you  have  reached  the  bottom  unUtt  t 
unmirtakeabU  fprttmen  o/  it  conun  t^ 
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REPORTED   DANGERS.  ug 


-VIOIA&" 

In  the  event  of  faUing  in  with  a  new  danger,  such  as  a  rock 
awash,  itv&ihe  imperative  duty  of  the  discoverer  to  satisfy  himself 
and  others  on  board  that  it  is  really  what  they  have  taJ^en  it  to 
be.    It  should  be  examined  by  boat  as  closely  as  possible,  and  ibitara  of 
soundings  taken  round  it  with  the  hand  lead,  while  the  ship,  at  a  y*«^  ^  , 
safe  distance,  sounds  with  the  deep-sea  lead.      If  possible  to  land  Twiflto. 
on  it^  do  so ;  and  chip  off  a  piece  of  the  rock,  to  make  assurance 
doubly  sura 

In  searching  for  a  "  vigia,"  it  is  difficult  to  say  when  its  existence 
is  to  be  considered  as  disproved.  Although  experience  shows  that 
nine  out  of  ten  of  the  bugbears  and  blots  formerly  to  be  found  on 
Oceanic  Charts  had  been  mistakenly  placed  there  from  reports  of 
floating  whales,  wrecks,  and  patches  of  vegetable  growth  taken  for 
discoloured  water  over  a  bank,  &c.;  still  the  apparently  astounding 
manner  in  which  rocky  heads  do  rise  from  very  deep  water,  must 
always  make  us  careful  of  hastily  assuming  that  no  danger  exists 
near  a  given  locality  simply  because  it  is  known  that  the  depths 
in  the  neighbourhood  are  very  great.  St.  Paul's  rocks,  near  the 
Eqoator,  may  be  quoted  as  a  good  example  of  this  kind  of  thing. 
Were  they  a  few  feet  below  water,  instead  of  above  water,  it 
would  be  no  easy  job  to  find  them. 

THE  "BIiUB  PIOBON.'' 

The  Hand  Lead,  or  "Blue  Pigeon,"  is  not  by  any  means  asaanditftd— 
familiar  to  the  seaman  as  it  ought  to  be.      It  is  a  disgrace  to  the  neoeMity  fox 
merchant  service  that  so  many  men  calling  themselves  Able  sea-  ^'*'*®*^' 
men  know  not  how  to  use  it.    If  officers  would  but  practice  their 
men  and  boys  at  this  occasionally,  instead  of  putting  them  to 
knot  rope-yams  for  spunyarn,  or  pass  away  the  watch  lazily 
m^kmg  sennit,  fewer  ships  would  get  ashore  through  unreliable 
leadsmen.     Spunyarn  can  be  purchased  at  a  ship's  chandler's,  but 
good  leadsmen  cannot. 

For  use  in  shallow  rivers,  such  as  the  Plate,  where  the  vessel  ghoai-waUr 
is  navigated  almost  entirely  by  the  hand  lead,  it  is  convenient  ^Md. 
to  have  a  small  nicely  shaped  lead,  about  five  pounds  in  weight, 
attached  to  12  fathoms  of  cod-line.     The  line  is  marked  in  the 
usual  way,  except  that  at  4  fathoms  there  is  a  manilla  or  coir 
rope-yarn. 

It  is  unfortunately  too  common  for  pilots,  when  they  come 
aboard  off  a  harbour's  mouth,  to  order  the  man  cut  of  the  chains, 
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I  saying  they  do  not  want  the  lead      The  writer  never  permiH 

I  this,  and  squares  the  matter  with  the  pilot  by  telling  bim  thn 

'  he  requires  the  lead  hove  for  his  own  satisfactlou,  and  to  j^ivc  tbl 

man  a  chance  to  practise.  fl 

Unlit  ciiui-         Id  navigating  an  unlit  and  unmarked  channel,  where  the  watM 

nlrta^toT*"  shoals  pretty  gradually  on  each  aide,  the  safest  plan  is  not  fl 

attempt  to  st«er  a  mid-channel  course,  but  to  zigsag  it,  keopinglH 

lead  going  in  both  chains.     By  this  plan  you  can  tell  which  aiiM 

poll  are  on,  and  how  to  put  the  helm  to  avoid  the  danger.  fl 

Also,  when  obliged  to  thread  intricate  channels  between  cotlH 

reefs,  wait,  if  possible,  till  the  sun  is  astern  or  behind  you,  flofl 

direct  the  course  of  the  ship  from  the  fore-topgallant  yard  ■ 

THB  COMMON  LOO.  M 

oamitton  lor  Logs,  whether  patent  or  common,  are  entirely  unsatisfocto^l 
-It  raitabu,  in  their  indicotions  of  speed.  The  common  log  does  not  do  ^| 
badly  up  to  10,  or  perhaps  11  knots,  bnt  after  tiiat  it  is  not  to  ^| 
depended  upon.  No  two  men  heaving  the  log  will  make  the  sai]^| 
report,  if  the  ship's  speed  exceeds  12  knQt&  The  short  log  gllfl 
runs  14  seconds,  or  one  second  per  knot  for  a  ship  going  14  kno^| 
14'ow  a  second  is  a  very  short  space  of  time,  and  it  ta  not  di(&ci^| 
to  ace  that,  in  consequence,  a  vessel  may  very  easily  be  overlog{{<S 
or  underlogged  to  at  least  the  aniount  due  to  this  interval  Tb^| 
may  be  owing  solely  to  the  dulness  of  perception  of  the  man  w^H 
holds  the  glass,  and  docs  not  take  into  account  the  possible  crr^l 
of  the  glass  itself,  the  log-Hue,  the  heave  of  tlie  sea,  or  the  want  ^M 
skill  on  the  part  of  the  mnu  heaving  the  log.  It  is  true  all  thM| 
things  may  act  in  opposite  directions,  and  uentralize  each  OtblH 
and  they  may  iiot  H 

Ag^n,  thecommon  log  fails  in  not  affording  a  con'inuoturectnH 
of  the  speed,  so  that  a  vessel  may  go  anything  during  th«  interv^^ 
usually  two  hours,  which  elapses  between  two  successive  trialfl 
This  is  not  much  felt  in  a  steamer,  where  the  rate  of  speed  is  n^| 
likely  to  alter  greatly  in  such  a  ohort  time;  or  if  it  docs,  it  can  ifl 
allowed  for.  But  in  a  sailing  nhip  it  is  a  serious  drawback,  avfl 
in  this  respect  the  patent  log  has  the  decided  advantage.  fl 

PATENT  Loaa  V 

*p»t«nt  Patent  logs  depend  upon  the  principle  already  explain9d  in 

1712/*      connection  with  the  sounding  machine,  but  their  results,  from  a 
iir  MSMi.    variety  of  causas,  are  less  reliable  in  aSbrding  a  correct  kaowled^ 


LIABILITY   TO    ERROR. 


of  the  distance  run,  than  those  of  the  sounding  machine  in  giving 
the  true  depth.  In  the  first  place,  tliey  are  more  constantly  at  work, 
and  so  wear  out  sooner;  they  are  liable  to  be  fouled  by  seaweed, 
waste,  or  ropeyarns,  &c,  thrown  overboard  from  the  ship ;  tlieit 
indications  in  a  head  sea  are  usually  difftTcnt  to  those  in  a 
following  sea,  and  depend  also  upon  the  length  of  tow-line;  they 
are  frequently  damaged  by  blows  against  the  counter  in  hauling 
in,  and  to  this  they  are  more  often  exposed  than  the  patent 
eounding-machine ;  lastly,  there  is  no  satisfactory  way  of  finding 
their  index -error. 

In  channel,  where  there  are  points  of  land  the  distance  between  q^  tonaiiings 
which  is  known,  there  is  usually  a  tide  which  renders  abortive  any  ■""onnoriog 
attempt  to  adopt  such  a  mode ;  and  in  mid-ocean,  there  are  surface  cnireiit,        m 

or  drift  currents  depending  upon  the  winds,  so  that  it  is  next  to  ■ 

impossible  to  arrive  at  any  definite  conclusion.     In  fact,  there  ia  J 

no  known  instrument  at  the  present  time  which  correctly  gives  a  ^| 

vessel's  speed  over  tlte  bottom  in  deep  water.     Even  supposing  a  ^M 

patent  log  to  indicate  correctly  the  speed  through  the  wafer,  what  ^M 

about  current  or  tide  ?    There  is  no  deep-sea  log  which  indicates  ^M 

current ;  but  in  shallow  rivers  like  the  Plate,  what  is  known  as  ^M 

the  "Ground  log,"  gives   fairly   approximate   results   as   to   its  ^M 

amount,  provided  the  s{>eed  is  not  too  high,  and  care  is  exercised  ^M 

in  heaving  it  ^M 

"aRomnj  loo."  1 

This  is  simply  the  common  log-line  with  a  hand-lead  sub- Qrouid  ioe— | 

stituted  for  the  log-ship.     Wiien  the  log  is  hove,  the  lead  lies  •"  ^*''*^'^    I 

.  .  tlon  and  hn.  B 

on  the  bottom  without  dragging,  and  so  gives  the  speed  over  the  U 

ground;  and  in  hatiUng  it  in,  the  trend  of  the  line  at  starting  M 

is  sappoeed  to  shew  the  direction  of  the  current ;  but  this  latter  ^1 

is  not  correct  except  in  a  very  broad  sense  indeed,  and  the  writer  ^| 

strongly  counsels  the  navigator  not  to  place  the  slightest  depend-  ^M 

ence  upon  it     It  is  evident  that,  to  get  the  correct  direction  of  the  ^M 

current,  the  ship  must  make   a   mathomatically   straight   wake  ^M 

during  the  operation,  and  her  speed  must  bo  slow.     In  a  small  ^M 

vessel,  with  a  lumpy  sea,  the  indicated  direction  would  not  be  ^H 

worth  much,  though  the  speed  might  be  pretty  near  the  mark.  ^H 

In  using  the  Ground  log,  some  people  go  to  the  trouble  of  fixing  ^M 

a  cratch  on  the  tafi"rail  in  which  to  put  the  line,  and  nnderueatlt  ^M 

it,  a  painted  semicircle  of  points  of  the  compass,  to  show  tlie  ^M 

direction ;  but  this,  as  already  slated.  Is  labour  entirely  thrown  ^H 

away.  ^^^^^M 


••  FlSHBRMAirS  GREASE." 


TAFFRATL  LOOa 

T.  W&Iker  snd  Sod  have  introduced  a  patent  Taffi-ul  loj;, 
which  can  be  consulted  aad  reset  as  oPten  aa  necessary,  withoat 
the  trouble  incidental  to  those  in  which  the  whole  apparatus  is 
towed  astern.  It  has  a  novel  feature  of  considerable  value :  by 
the  interval  between  two  conaecntive  strokes  of  a  small  bell, 
coupled  with  a  short  and  very  simple  aura  in  proportion,  the  rate 
of  speed  at  any  desired  moment  is  found  in  a  few  seconds.  It  is 
practically  free  also  from  the  danger  of  being  damaged  in  the 
operation  of  hauling  in,  as  this  latter  need  only  be  done  once  at 
the  end  of  the  passage. 

In  the  Taffrail  log,  the  registering  portion  is  secured  to  the 
rail,  and  motion  is  communicated  to  it  by  the  rotator  through  the 
medium  of  a  long  tow-liue.  There  is  no  doubt  this  is  very  con- 
venient, but  it  appears  to  the  writer  that  unless  great  care  is 
exercised  in  repeatedly  oiling  it,  the  works  would  be  liable  to 
heat  at  a  high  rate  of  speed  As  the  '  harpoon '  and  other  similar 
logs  are  towed  bodily  in  the  water,  and  so  get  plenty  of  "  fisher- 
man's grease,"  they  arc  not  exposed  to  this  danger.  As  a  matter 
of  fact,  there  are  no  patent  logs  yet  biventod  which  will  stand 
the  wear  and  tear  for  any  length  of  time.  In  slow  vessels  they 
will  of  course  last  longer  than  in  fast  ones.  Unless  used  only  on 
special  occasions,  such  racers  as  the  "Alaska"  or  "  Stirling  Castle" 
very  quickly  put  them  out  of  order." 

From  this  the  reader  must  not  conclude  that  they  are  to  be. 
abandoned  aa  altogether  useless.  The  writer  merely  wishes  to 
urge  upon  the  navigator  the  imprudence  of  trusting  too  implicitly 
to  their  indications  at  critical  times.  Patent  logs  are  more  oaefol 
in  slow  steamers  than  fast  ones,  aud  still  moro  useful  in  sailing 
ships  tlian  steamers.  To  avoid  unnecessary  wear  and  tear,  tliey 
should  only  be  used  when  "  in  with  the  land."  It  is  found  to  be 
a  good  plan  to  wrap  the  line — about  a  fathom  la  advance  of  the 
log — with  sheet  lead,  to  keep  the  latter  from  jumping  out  of  the 
water. 

The  wrilfir  once  knew  of  a  pat«nt  log  being  totally  apcnlt  by 
bj^^udaiuid  getting  into  it  The  steamer  was  bound  to  ao  American 
>^  port  in  ballaflt,  and,  as  la  usual,  got  rid  of  a  quantity  of  it  over- 

*  Tba  miter  ba<  Utaljr  bacii  manf  titm  at  Walker"*  TaSrul  lofi  la  •  13.kn>it 
■tauiMr  with  rtry  lUiilketoi;  raiuUt .  Eur  neulj  >  jamr  tba  iitdai-*mit  kspl  txtwiaa 
+  3%  uJ  4%,  bat  tb*  log  WM  unly  t«w«d  fur  SOD  nulsa  or  *g  at  wub  nd  of  tk* 
fMmga,  and  kD  ubedivsc*  to  >  itaadiiic  order  it  wm  olUd  0U7  d^l-belb  by  ft 
qnutoi-iBHtar,  whu  tskda  dun  raport  of  bAViuu  dona  ao  to  tha  olScvr  of  lb*  Wktob. 
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board  during  tiie  last  two  days  before  arrival  The  log  was 
allowed  to  tow,  as  no  one  imagined  the  sand  could  reach  it,  but 
when  it  was  hauled  in  at  the  end  of  the  watch,  it  was  found  to 
be  perfectly  choked  with  it ;  and  as  the  oil-holes,  &a,  were  closed, 
the  puzzle  consisted  in  how  the  sand  reached  the  interior.  The 
log  was  duly  cleaned,  and  on  the  homeward  passage  tested,  but  it 
showed  about  30  per  cent  too  much  distance,  and  was  in  con- 
sequence put  away  as  worthless. 

To  ensure  the  best  results,  a  'harpoon'  log  should  be  towed 
from  the  outer  end  of  a  small  spar — a  boat's  mast,  for  instance^ 
tigged  out  on  the  quarter.  This  keeps  it  clear  of  the  dead-water 
in  the  ship's  wake,  and  by  a  simple  arrangement  of  out-haul  and 
in-haul,  the  log  need  never  strike  the  ship's  side  on  being  taken 
in  for  examination. 

Before  stowing  away  a  patent  log  for  a  length  of  time,  it  should 
be  immersed  for  half  an  hour  in  a  bucket  of  fresh  water,  to  get  rid 
of  the  salt^  which  would  otherwise  dry  and  encrust  the  works, 
to  their  manifest  detriment. 

In  certain  paddle  steamers,  probably  the  best  measure  of  speed  SpmA  mIqu- 
is  obt^ned  by  the  revolutions  of  the  wheels.     Most  of  the  cross-  ^S^^ 
channel  boats  depend  upon  this  method  of  making  their  runs  in  rtvolutionM. 
thick  weather,  and  the  captains  of  the  coast  boats  of  the  Pacific 
Steam  Navigation  Ca  make  an  invariable  practice  of  tabulating 
the  revolutions  between  their  various  ports  of  call.     In  vessels 
such  as  the  Holyhead  mail  boats,  where  the  passage  is  short,  the 
vessels  of  great  power,  and  their  immersion  always  the  same,  the 
method  is  susceptible  of  considerable  accuracy.    Again,  men  who 
axe  going  constantly  backwards  and  forwards  on  a  short  run, 
acquire  by  long  experience  the  knowledge  necessary  to  enable 
thCTi  to  make  allowance  for  wind  and  sea,  according  as  it  may  be 
in  their  favour,  or  against  them.    The  slip  of  a  screw-propeller  is 
80  variable  under  apparently  the  same  circumstances,  that  in 
boats  so  driven  the  method  is  of  inferior  value.    Experience  shows 
that  the  revolutions  of  a  paddle  steamer  are  to  be  depended  upon 
folly  as  much  as  the  best  patent  log  yet  invented,  with  the  advan- 
tage, thaJt  the  revolutions  do  not  wear  out,  and  the  patent  log  does. 

liliECTBICAIi  iioaa 

Quite  recently  some  experiments  have  been  conducted  with  an 
electrical  log,  which  seem  to  promise  well  for  it  The  rotator 
actoating  the  electrical  portion  is  placed  in  a  cylinder  below  the 
bottom  of  the  vessel,  where  it  has  the  advantage  of  working  in  a 
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body  of  water  of  uniform  pressare  or  density,  and  in  this  way  it 
is  claimed  there  are  none  of  the  inaccuraciea  of  ordinary  towing 
logs,  which  are  affected  by  so  many  cauaes. 

The  distance  run  may  be  shewn  by  electric  agency  on  one  or 
more  dials  placed  in  cabins  or  chart-room,  the  stroke  of  a  bell 
indicating  the  accomplishment  of  each  tenth  of  a  knot.  Though 
not  stated,  it  is  presumed  that  the  arraogemeut  permits  of  tha 
withdrawal  of  the  iustruiucnt  in  very  shallow  water,  bo  as  to 
leave  no  projection  below  tlie  ship's  bottom, 

DEAD  RECKONINa 

Writing  about  logs  and  leads  naturally  leads  to  the  subject  of 
Dead  Reckoning.  Sir  William  Thomson,  in  liis  "  Lecture  on  Navi- 
gjition,"  has  put  the  uiatter  so  clearly  and  forcibly,  that  one  cannot 
do  better  than  quote  his  worda.     Ho  saj-s, — 

"When  no  landmaiks  can  be  Been,  and  when  the  water  La  too 

deep  for  soundings,  if  the  sky  is  cloudy,  so  that  neither  sun  nor 

Q.  stars  can  be  seen,  the  navigator,  however  clear  the  horizon  may 

be,  has  no  other  way  of  knowing  where  he  is  than  the  dead 

reckoning,  and  no  other  guide  for  steering  than  the  compa.ss. 

"Wc  often  hear  stories  of  marvellous  exactness  with  wliich  the 
dead  reckoning  has  been  verified  by  the  result.  A  man  haa 
eleamed  or  sailed  across  the  Atlantic  without  having  got  a 
glimpse  of  sun  or  stars  the  whole  way.  and  has  made  land  within 
live  miles  of  the  place  aimed  at.  This  may  be  done  once,  and 
may  be  done  again,  but  must  not  be  trusted  to  on  any  one  occasion 
as  probably  to  be  done  again  this  time. 

"  Undue  trast  in  the  dead  reckoning  ha.t  produced  more  disas- 
trous shipwrecks  of  seaworthy  ships,  I  believe,  than  all  other 
causes  put  together. 

"  All  over  the  surface  of  the  sea  there  ore  currents  of  unknown 
strength  and  direction.  Regarding  these  currents,  much  most 
valuable  information  has  been  collected  by  our  Board  of  Trade 
and  Admiralty,  and  published  by  the  Admiralty  in  its  "Atlas  of 
Wind  and  Current  Charts."  These  charts  show,  in  scarcely  any 
part  of  the  ocean,  leas  than  ten  miles  of  surface  current  por 
twenty-four  hours,  and  they  show  as  much  as  forty  or  fifty  miles 
in  many  places  Unless  these  currents  are  taken  into  accooBt, 
then,  the  place  of  a  ship,  by  dead  reckoning,  may  bo  wrong  by 
from  t«a  to  fifty  miles  per  twenty-four  hours;  and  the  moat 
accurate  information  which  we  yet  have  regarding  them  is,  at  tba 
best,  only  approxiumte.     Tliere  are,  in  Cairt,  certain  currenta^  of 
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ten  miles  and  upwards  per  day,  due  to  wind  (it  may  be  wind  in  a 
distant  part  of  the  ocean)  which  the  navigator  cannot  possibly 
know  at  the  time  he  is  affected  by  them. 

"  I  believe  it  would  be  unsafe  to  say  that,  even  if  the  steerage 
and  the  speed  through  the  water  were  reckoned  with  absolute 
accuracy  in  the  "account,"  the  ship's  place  could  in  general  be 
reasonably  trusted  to  within  fifteen  or  twenty  miles  per  twenty- 
four  hours  of  dead  reckoning.  And,  besides,  neither  the  speed 
through  the  water,  nor  the  steerage,  can  be  safely  reckoned,  with- 
out allowing  a  considerable  margin  for  error. 

"In  the  recent  court-martial  regarding  the  loss  of  the  Vanguard, 
the  speed  of  the  Iron  Duke  was  estimated  by  one  of  the  witnesses 
at  ten  and  a  half  knots,  according  to  his  mode  of  reckoning  from 
revolutions  of  the  screw  and  the  slip  of  the  screw  through  the 
water ;  while  other  witnesses,  for  reasons  which  they  stated,  esti- 
mated it  at  only  8*2  knota    It  was  stated  in  evidence,  however, 
that  the  only  experiments  available  for  estimating  the  ship's  speed 
in  smooth  water  from  the  number  of  revolutions  of  the  screw,  had 
been  made  before  she  left  Plymouth.    If  the  pressure  log,  or  even 
tiie  old  log-ship  and  glasses,  had  been  used,  there  could  have  been 
no  such  great  range  of  doubt.    But  even  with  the  pressure  log 
(until  experimented  upon,  as  it  probably  will  not  be  except  by 
the  Navy,  because  not  needed  for  thorough  practical  work  except 
by  the  Navy)  we  could  scarcely  tell  with  certainty  within  a 
quarter  of  a  knot  what  the  actual  speed  of  the  ship  through  the 
water  is  at  any  instant.    And,  again,  the  Massey  log  may  be  held 
to  have  done  its  work  fairly  well  if  it  gives  the  whole  distance 
run  by  the  ship  in  any  interval  within  five  per  cent,  of  the  truth. 
"Consider  further  the  steeraga      In  a  wooden  ship  a  good 
ordinary  compass,  with  proper  precautions  to  keep  iron  from  its 
neighbomrhood,  may  be  safely  trusted  to  within  a  half  quarter 
point ;  but,  reckoning  the  errors  of  even  very  careful  steering  by 
compass,  we  cannot  trust  to  making  a  course   which  will  be 
certainly  within  a  quarter  of  a  point  of  that  desired.     Now  you 
know  an  error  of  a  quarter  of  a  point  in  your  course  would  put 
vou  wrong  by  one  mile  to  right  or  left  of  your  desired  course  for 
every  twenty  miles  of  distance  run.    Thus,  in  the  most  favourable 
circumstances,  you  are  liable,  through  mere  error  of  steerage  by 
oQfmpass,  to  be  ten  miles  out  of  your  course  in  a  run  of  two 
hundred. 

"In  an  iron  ship,  if  the  compass  has  been  thoroughly  well 
attended  to  as  long  as  the  weather  permitted  sights  of  sun  or 
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stars,  a  very  careful  navigator  may  be  sure  of  his  course  by  it, 
within  a  quarter  of  a  poiDt,  when  cloudy  weather  comes  on ;  but 
by  the  time  he  has  run  three  or  four  hundred  miles,  he  can  no 
longer  reckon  on  the  same  degree  of  accuracy  in  his  interpretation 
of  its  indications,  and  may  be  uncertain  as  to  his  course  to  ao 
extent  of  half  a  point  or  more  until  he  again  gets  an  azimuth  of 
sun  or  star. 

"No  doubt  an  exceedingly  skilful  navigator  may  entirely,  or 
almost  entirely,  overcome  this  laet  source  of  uncertainty  when 
he  runs  over  the  same  course  month  after  month,  and  year 
after  year,  in  the  same  ship ;  but  it  is  not  overcome  by  any  skill 
hitherto  applied  to  the  compass  at  sea  when  a  first  voyage  to  a 
fresh  destination,  whether  in  a  new  ship  oi  in  an  old  one,  ifl 
attempted. 

"  All  things  considered,  a  thoroughly  skilled  and  careful  navi- 
gator may  reckon  that,  in  the  most  favourable  circumstances,  he 
has  a  fair  chance  of  being  within  five  miles  of  his  esUmated 
place  after  a  two  hundred  miles'  run  on  dead  reckoning ;  but  with 
all  his  skill  and  with  all  his  care,  he  may  be  twenty  miles  off  it ; 
and  be  will  no  more  think  of  imperilling  his  ship  and  the  lives 
committed  to  his  charge  on  such  an  estimate,  than  a  skilled  rifle- 
shot would  think  of  staking  a  human  life  on  his  hitting  a  buU'ii- 
eye  at  five  hundred  yiirds. 

"  WhaU  then,  do  practical  navigators  do  in  approaching  land 
after  a  few  days'  run  on  dead  reckoning  7  Too  many,  through 
bad  logic  and  imperfect  scientific  intelligence,  rather  than  through 
conscious  negligence,  run  on,  trusting  to  their  dead  reckoning. 
In  the  course  of  eight  or  ten  or  fifteen  years  of  navigation  oa 
this  principle,  a  captain  of  a  mail  steamer  has  made  land  just  at 
the  desired  place  a  dozen  times,  after  runs  of  strictly  dead 
reckoning  of  from  three  or  four  hours  to  two  or  three  daya. 
Perhaps  of  all  these  times  there  has  only  once  been  a  strictly 
dead  reckoning  of  over  thirty  hours  with  satisfactory  result 
Still,  the  man  remembers  a  time  or  two  when  ho  has  hit  the  mark 
marvellously  well  by  absolutely  dead  reckoning ;  he  actually 
forgets  his  own  prudence  on  many  of  the  occa^iuus  when  he  has 
corrected  his  dead  reckoning  by  the  lead,  and  imagines  that  ba 
has  been  served  by  the  dead  reckoning  with  a  degree  of  accuracy, 
with  which  it  is  impossible,  in  the  nature  of  things,  it  can  aerve 
any  man.  Meantime,  he  has  earned  the  character  of  being  a  most 
skilful  navigator,  and  has  been  unremitting  in  every  port  of  hi* 
duty,  according  to  the  very  best  of  his  intelligence  and  knowledge. 
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He  haSy  moreover,  found  favour  with  his  owners,  through  making 
excellent  passages  in  all  weathers,  rough  or  smooth,  bright  or 
cloudy,  dear  or  foggy.  At  last  the  fatal  time  comes,  he  has 
trusted  to  his  dead  reckoning  once  too  often,  he  has  made  a 
'centre/  not  a  '  bull's-eye,'  and  his  ship  is  on  the  rocka" 

Every  seaman  of  experience  will  admit  the  perfect  justice  of 
these  remarks,  even  were  they  not  corroborated  by  the  revelations 
of  the  wreck  register. 

A  very  valuable  paper  on  the  subject  of  dead  reckoning  has  Oaptaln  John 
been  written  by  the  late  Captain  John  Miller,  and  will  be  found  |^^|i^|p^. 
in  the  MereomtiU  Marine  Service  Aseociation  Reporter,  Vol.  Ill,  ^* 
page  415.     It  is  also  given  in  the  May  number  of  the  Nautical 
Magazine  for  1878.    The  reader  would  do  well  to  refer  to  it. 

Do  not  forget  to  look  to  your  log-glass  as  well  as  your  log-line, 
especially  when  nearing  land.     Test  it  by  the  chronometer. 

For  cmivenience  of  testing  the  length  of  the  log  and  lead  lines,  PcrmaiiMit 
tiie  required  distances  should  be  permanently  marked  (with  copper  f^  mMurax^ 
tacks)  on  the  quarter-deck ;  23'  V — ^the  length  of  a  knot  corres-  J5£,%^ 
ponding  to  a  glass  running  14s. — ^being  laid  off  on  the  port  side, 
and  single  fathoms  up  to  five,  on  the  starboard  side.     It  is  always 
best  to  have  the  leadlines  fitted  with  calico  for  white  marks, 
hunting  lot  red  marks,  and  serge  for  blue  marks,  because  in  the 
dark  a  man  can  tell  the  difference  by  the  f  eeL     Test  the  measure- 
ments of  the  lines  immediately  after  use,  tjohen  they  are  wet  and 
wdl  stretched. 

The  following  is  from  the  able  pen  of  Mr.  Thomas  Qray,  to 
whom  sailors  of  all  nations  owe  a  lasting  debt  for  his  popular 
exposition  of  the  Rule  of  the  Road  at  sea : — 


L  L.  I_U 

THE  HABnnSB'8  CBEED. 
TO  BE  SAID  DAILY,  AND  ACTED  ON  ALWAYa 

*I  understand  L.  U  L*  L.  to  be  the  symbol  or  sign  for  four 
things  which  I  must  never  neglect ;  and  these  things  are.  Lead, 
Log,  Latitude,  and  Look-out 

Therefore,  I  say,  use  the  Lead  and  the  Log;  and  mind  the 
Latitude  and  the  Look-out. 

I  believe  in  the  Lead,  as  it  warns  me  against  dangers  which  the 
eje  cannot  see. 
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I  believe  in  the  Log,  as  it  checks  my  distance  run. 

I  believe  in  ascertaining  the  Latitude,  as  it  helps  to  define  my 
position. 

I  believe  in  the  Look-out,  as  it  warns  me  against  dangers  to  be 
seen. 

The  lead  warns  me  against  dangers  invisible,  the  Log  warns 
me  against  false  distances,  the  Latitude  helps  to  define  my 
position,  and  the  Look-out  warns  me  against  dangers  visibla 

And  I  earnestly  resolve,  and  openly  declare,  that  as  I  hope  to 
sail  my  ship  in  si^ety  on  the  ocean,  as  I  wish  to  spare  the  lives  of 
my  f eUow-creatures  at  sea,  and  as  I  wish  to  go  in  safety  all  my 
days,  so  will  I  steadfastly  practise  that  which  I  believa 

And  I  hereby  warn  seamen,  and  tell  them  that  if  they  neglect 
any  one  of  these  four  things,  either  the  Lead,  the  Log,  the 
Latitude,  or  the  Look-out,  thev  or  their  fellows  will  some  day 
surely  perish." 


CHAPTER  Xn. 

THB   MARINV   BINOCULAR   AND   TELESCOF& 

These  differ,  or  should  do  so,  from  the  instruments  in  use  on 
Bhore.     Such  fancy  articles  as  those  fitted  with  revolving  eye-  Fuior 
pieces,  which,  according  to  the  particular  one  employed,  constitute  .^i.y,itMW 
them  either  Marine,  Field,  or  Opera  glasses,  are  quite  unsuitable 
for  use  on  board  ship. 

Binoculars,  when  first  introduced  for  sea  use,  were  intended 
exclusively  as  rdghi-glasaea,  but  from  their  extreme  portability  and 
large  field  of  view,  were  soon  found  to  be  so  convenient  for  general 
service  that,  before  long,  opticians  manufactured  them  of  patterns 
to  meet  nearly  all  requirements. 

In  a  work  of  this  practical  character,  it  would  be  undesirable, 
even  if  -space  permitted,  to  enter  on  such  complex  optical  diffi- 
culties as  '  spherical  aberration '  or  '  confusion,'  and  '  chromatic 
dispersion,'  but  acquaintance  with  the  following  simple  principles 
is  essential  for  the  wise  selection  of  good  and  suitable  binoculars ; 
and  the  purchaser,  moreover,  should  fully  understand  that  those 
adapted  for  one  purpose,  are  not  necessarily  so  for  another. 

In  all  glasses  high  magnifying  power  and  the  acquisition  of  light  Prineiple  of 
are  invariably  opposed  to  each  other,  and  it  is  always  necessary  Sem!*^* 
that  one  of  these  qualities  should  be  more  or  less  subordinated  to 
the  other^  according  to  the  particular  purpose  for  which  the 
instrument  is  intended.  Consequently,  in  the  Night-glass,  where 
the  main  desideratum  is  to  collect  as  much  light  as  possible,  to 
enable  that  which  is  looked  at  to  be  seen  with  distinctness,  it  is 
evident  that  we  cannot  expect  much  magnifying  power. 

The  amount  of  light  is  dependent  upon  the  size  and  shape  of 
the  object  lens,  and  if  for  the  same  instrument  the  magnifying 
power  be  increased  by  a  change  in  the  ocular,  whilst  the  object 
lens  remains  as  before,  the  light  is  spread  over  a  larger  image, 
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which  is  neeeasarily  fainter  in  proportion  to  its  increased  size. 
It  is  for  this  reason  that  the  eyes  are  unduly  strained  in  the 
endeavour  to  make  out  the  details  of  an  object  as  seen  through 
some  ill-constructed  telescopes  of  high  power  and  small  aperture. 

Under  such  conditions,  coloured  flags  fluttering  in  the  wind  are 
especially  difficult  to  decipher,  the  colours  appearing  much  leas 
vivid  than  they  should  do. 

The  object  glasses  of  the  hinocular  should  therefore  be  u  large 
as  possible,  consistent  with  a  requirement  hereinafter  to  be  named; 
and  of  short  focal  length,  by  which  combination  you  not  only 
gain  goad  illuminating  p<ncer,  but  also  the  important  advantage 
of  a  wide  field  of  view. 

On  a  dark  night,  when  sweeping  the  horizon  in  quest  of  ships, 
land,  or  buoys,  it  is  obvious  that  the  greater  the  area  embraced, 
the  greater  the  likelihood  of  picking  up  the  object  sought  for. 
Baw  to  witct  From  these  considerations  it  will  bo  evident  that  the  proper  way 
to  select  a  hinocular  for  night  use  is,  not  to  stand  at  a  shop  door 
in  bioad  daylight,  trying  how  much  it  enlarges  some  distant 
clock-face,  but  to  wait  until  nightfall,  and  test  it  by  looking  up  a 
dark  street  or  passage ;  and  if  figures,  before  only  dimly  visible 
to  the  naked  eye,  are  rendered  tolerably  clear  by  the  aid  of  the 
glasses,  you  may  test  assured  you  have  hit  on  a  suitable  instru- 
ment. 

The  principle  aim,  therefore,  of  the  night^glaseee  (as  nlready 
ataied)  being  to  intensify  and  get  as  mucJi  light  and  fifld  aa 
possible,  you  must  be  prepared  to  aacrifi^ce  magnifying  power. 
which  should  never  exceed  four  diameters. 

A  simple  method  of  determining  this  latter  quality  is  to  look  at 
any  suitable  object  with  one  eye  unaided,  whilst  with  the  other  wo 
use  one  tube  of  the  binocular.  Tlie  object  will  then  be  seen  in  its 
natural  size,  and  at  the  same  time  aa  magniflcd  by  the  instrumenL  . 
By  a  little  manipulation  the  two  images  can  be  brought  sidv  by 
side,  or  made  to  overlap,  when  it  will  be  easy  to  see  how  many 
times  the  magnified  image  is  larger  than  the  natural  one. 

Another  point  essential  to  bo  remembered — and  this  it  is  which 
unavoidably  limits  the  size  of  the  object  glass — is,  that  the  eetUre 
of  eiirfatitre  of  the  lenses  shoahi  be  exaelly  opjtotiU  the  pupil  of 
(WfA  tj/e  :  or,  in  other  words,  that  t/ie  distan<v  between  the  right  and 
left-hitnd  glasses  should  correspond  to  the  diatitnre  between  tkt 
eyes — centre  to  cenire.  Tliis  is  capable  of  easy  raeaAUrement ;  bo, 
in  choosing  your  binoculars,  thoMi  not  corresponding  to  this  re- 
quirement should  be  at  once  rejected,  irrespective  of  other  coo- 
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siderationa  It  is  seldom  that  the  distance  between  the  pupils 
permits  of  a  larger  object  glass  than  2|-inches  diameter,  as  it 
will  be  apparent  to  anyone  that  its  measure  must  be  a  little  less 
than  the  aforesaid  distance,  to  allow  for  setting  in  the  fra,pies. 
Hence  a  good  and  well  made  pair  of  glasses  may  suit  one  man 
perfectly,  and  another  not  at  alL 

A  binocular  has  been  devised,  fitted  with  a  hinged  joint  con-  mn^ed 
necting  the  twin  parts,  so  that  the  distance  between  the  barrels  **^***^*"*' 
can  be  increased  or  diminished  at  pleasure,  to  suit  different  eyes, 
bat  for  several  reasons  it  is  not  a  success. 

The  best  description  of  binoculars  have  six  lenses  in  each  tube, 
three  being  combined  to  form  the  object  glass,  and  three  to  form 
the  eye-pieca  In  this  system  some  of  the  lenses  are  made  of 
erown,  and  others  of  flint  glass,  on  account  of  the  unequal 
diaperswe  power  of  these  two  substances.  A  suitable  combination 
of  such  lenses  gets  rid  of  the  fringe  of  colour  which  in  cheap 
glasses  surrounds  the  object  under  inspection  like  a  halo ;  and  the  Lensoi. 
name  ochromatie  (derived  from  the  Greek  a,  without;  chroma^ 
eoloor)  is  accordingly  given  to  a  telescope  or  binocular  possessing 
sueh  an  arrangement.  The  medium-priced  binoculars  have  an 
achromatic  object  glass  of  two  lenses,  and  a  single  eye  lens ;  but 
in  the  very  common  glasses,  both  the  objective  and  ocular  are  of 
the  simple  form,  and  the  fringe  of  colour,  inseparable  from  their 
use,  fatigues  the  sight  and  impairs  the  sharp  definition  of  whatever 
is  looked  at 

Without  being  in  the  least  colour-blind,  it  is  difficult,  when  using 
cheap  glasses  on  a  dirty  night,  to  distinguish  with  certainty  the 
colour  of  a  vessel's  lights,  especially  when  the  latter  happen  to  be 
nothing  extra  in  themselves.  Under  such  unpleasant  circum- 
stances a  white  light  is  apt  to  have  a  greenish  or  reddish  tinge,  as 
the  case  may  be ;  or  a  green  light,  as  likely  as  not,  is  mistaken  for 
a  white  one.  It  is  important,  therefore,  to  be  provided  with  the 
best  article  if  you  wish  to  guard  against  collisions. 

The  conmion  long-draw  binocular  is  always  to  be  avoided,  as 
with  wear  the  sliding  tubes  work  slack,  and  the  parallelism 
of  their  axes  being  destroyed,  the  observer  "  sees  double."  This 
remark  does  not  apply  to  a  binocular  of  superior  make  now  Tonrista' 
eoming  much  into  favour  with  yachtsmen  and  tourists.  It  is  to 
all  intents  and  purposes  a  small  double-barrelled  telescope,  a 
condition  inconsistent  with  its  use  as  a  night-glass.  For  day  use, 
however,  these  glasses  are  admirable  as  a  substitute  for  the 
telescope,  and  being  easier  to  hold,  recommend  themselves  greatly 
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to  ladies,  or  to  geDtlemen  who  have  not  got  their  sea-legs  aboard. 
The  high  price  of  the  good  ones — ilO  to  £20 — restricts  their  sale, 
and,  after  oil,  they  are  nothing  more  than  a  coinpronuse. 

To  protect  the  eyes  from  a  strong  cold  wind,  it  is  a  good  plaB 
to  have  the  binoculars  furnished  with  a  concave  shield  of  tliia 
brass,  made  to  fit  closely  to  the  face,  and  to  ship  and  unship  whea, 
required.  Any  handy  en^neer  on  board  can  do  this,  and  it  will 
be  found  a  great  comfort  to  persons  with  weak  eyes. 

Many  men,  from  its  greater  portability,  habitually  use  the  bino- 
cular in  the  day  time  ;  but  where  the  distance  is  great,  and  the 
object  small,  it  has  to  give  way  to  the  more  powerful  telescopa 

The  marine  telescope  for  ordinary  use,  like  the  binocular,  most 
not  have  too  high  a  magnifying  power,  as  the  greater  it  is,  for  the 
same  sized  object  glass,  the  fainter  the  picture,  and  the  narrower 
the  field  of  view.      This  latter  is  a  most  serious  drawback  to  the 
telescope  for  general  purposes,  as  it  increases  the  difficulty  (always'i 
experienced  adoat)  of  keeping  the  instrument  fixed  on  the  objecfr. 
under  scrutiny,  the  least  motion  at  once  putting  it  out  of  the  fieh^, 
ao  that  a  continuous  and  steady  look  is  impossible.     Can  auj^thingj 
be  more  annoying  ?     Moreover,  in  misty  weather  a  glaas  wil 
great  inagnifj'ing  power  is  unsuitable,  as  it  magnifies  the  haze 
well  OS  the  object,  and,  of  course,  renders  the  latter  oven  wc 
indistinct  and  blurred  than  before.*    Nevertheless,  tliere  are  tim«aj 
when  a  powerful  glass  is  suitable. 

The  writer  possesses,  aad  occasionally  finds  useful,  an  eli 
eompound  telescope  (one  of  Ros-s's,  price  jE9),  which,  by  ineaos 
what  is  termed  a  pancratic  arrangement,  can  be  made  to  maguil 
30,  40,  or  50  times.  It  has  two  "  draws,"  For  general  pi 
the  one  nearest  the  observer  is  not  pnllei^l  out  or  touched  in  ao< 
way,  and  the  glass  then  magnifies  but  30  times ;  if,  however, 
exceedingly  bright  ch^ar  day  justifies  the  use  of  a  higher  power. 
this  can  be  obtaiui^'d  up  to  50  by  drawing  out  the  small  or 
pancratic  tu1>c,  which  is  marked  by  numbered  rings,  so  aa  to 
indicate  the  precise  power  employed  :  the  focoasing  is  dona  wiih 
the  other  tube  as  l>efor«. 
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J 


SHOP    WINDOW  ADVERTISEMENTS. 


X33 


The  Calcutta  pilots,  who  have  often  to  look  for  small  channel 
marks  when  yet  a  long  way  from  them,  invariably  bring  on  board 
their  own  telescopes,  and  but  seldom  accept  the  proffered  bino-  Oaieatu 
cular.    It  must  be  remembered,  however,  that  the  use  of  these  ^^^^^^ 
powerful  instruments  is,  in  their  case,  restricted  to  clear  weather 
and  perfectly  smooth  water. 

In  providing  yourself,  therefore,  with  Binocular  and  Telescope, 
recollect  that  each  has  not  only  its  own  important,  but  its  perfectly 
distinct  function.  Of  all  things,  beware  of  "  cheap  Johns."  U 
you  wish  for  a  really  good  article,  you  must  be  prepared  to  pay  a 
reasonable  price  for  it* 


*  Some  yean  ago  the  aitthor*t  coriodty  was  excited  by  the  leemiiigly  roarvelloui  ChinaliUlty  of 
■tetoBMBt  in  the  wmdow  of  a  ihop,  in  a  certaiQ  town,  both  of  which  ihall  be  namelean,  Milon  taken 
tkit  a  famoeolar,  exhibited  for  lale,  had  rendered  an  **  object*'  yinble  at  the  distance  of  '^  C»^^^ 
■aety  mileiL  lliii  wat  attested  by  a  letter  to  be  seen  within.  On  enqaiiy,  the 
"ehjeek  **  tamed  out  to  be  none  other  than  the  island  of  Tristan  d*Acanha»  whidi,  as 
laoathem-going  sailors  know,  is  sometimes  visible  to  <A«  nolmj  eye  at  even  a  greater 
This  reminds  one  of  the  anecdote  of  the  Cockney  tonrist  on  the  summit  of 
Ben  Lomond :  oo  remarking  to  his  Sootch  gniJe  that  they  eonld  discern  objects  at  a 
distance^  the  goide  replied  that  if  the  other  would  only  just  wait  a  couple  ot 
or  so  he  would  be  able  to  see  something  much  further  still.  Guess  the  feelings 
of  Ae  toanst  when,  on  enquiring  what  he  would  see,  he  got  for  answer,  ^  youU  ue  the 
swsa."  Not  long  since  another  shop  notice  caught  the  author's  eye  ;  it  was  to  the 
fcfliect  that  the  binocular  it  referred  to  would  enable  a  person  to  be  reoognised  at  a  dis- 
tance of  fire  mileSk  Now,  when  it  is  known  that  at  that  distance  a  man  of  average 
height  wiU  only  subtend  an  angle  of  forty-five  seconds  (three-quarters  of  a  minute 
of  are),  it  will  at  once  be  evideot  that  such  a  statement  is  ridiculous.  On  the  other 
kaad,  Tdeaoopet  (where  large  enough)  are  capable  of  very  much  greater  feats.  For 
example.  Sir  Henry  Bessemer  has  in  course  of  construction  a  reflecting  telescope  with 
a  speenlom  of  silvered  glass  4  feet  in  diameter.  With  this  instrument  placed  in  bis 
Obscrvatoiy  at  Denmark  Hill,  he  expects  to  be  able  to  read  a  newspaper  posted 
afsinst  the  side  of  the  Crystal  Palace,  84  miles  away.  Lord  Rosse*s  famous  telescope 
ksB  a  metal  speenlnm  of  4  tons  weight  and  6  feet  in  diameter.  Its  light  gathering 
power  is  eooaequently  enormous,  but  owing  to  defects  in  curvature,  its  dining  power 
ii  nrpassed  by  smaller  but  more  perfect  instruments,  such  as  that  belonging  to  Mr. 
AimiBe  Oommoo,  the  astronomer  of  Ealing,  which  has  a  silvered  glass  speculum  of  874 
iadies  in  diameter^  This  last  named  telescope  is  thought  by  some  to  be  the  most 
pswsrfnl  one  in  existence. 


Forty  odd  years  ago.  Sir  Guorge  Airy,  tlicn  Astronomer- Roy ■!,■■ 
shewed  how  the  errors  of  the  Compass,  depending  on  the  influence 
produced  by  the  iron  of  the  ship,  may  be  perfectly  corivcled  hy 
permanent  niagnets  and  soft  iron  placed  in  the  neighbourhood  of 
the  binnacle.  Partial  applications  of  hia  method  came  immediately 
into  use  in  merchant  steamers ;  and  within  the  last  fifteen  years 
have  become  universal,  not  only  in  the  merchant  service,  but  io 
the  navies  of  England  and  other  countries. 

Sir.  William  Thomson's  compasses  and  binnacles  are  designed  to 
thoroughly  carr^'  out  in  practical  navigation  the  mathomatical 
theories  refL-rred  to  above ;  but  the  goneral  drawback  to  th« 
complete  and  accurate  realisation  of  plain  for  ciirrviiig  out  thttsa 
principles  heretofore,  has  been  the  efreat  «i.-«  of  tiif  neiilles  in  tha 
ordinary  compass,  which  renders  one  important  part  of  the  correc- 
tion— the  correction  of  the  quadrautal  error  for  all  latitudes  by 
masses  of  soft  iron  placed  on  the  two  sides  of  the  biimacles — 
practically  unattainable;  and  which  limits,  and  sometimes  partially 
Wtiates,  the  other  chief  part  of  the  correction,  or  that  which  is 
performed  by  means  of  m^uets  placed  in  the  neighbourhood  of 
the  compass. 

Ten  years  ago  the  attention  of  Sir  William  Thomson  was  forced 
to  this  subject,  through  his  having  been  called  upon  by  the  Ro}-ml 
Society  to  write  a  biographical  sketch  of  the  late  Mr.  ArchibalJ 
Smith,  with  an  account  of  bis  scientific  work  on  the  mariner's 
compass  and  ship's  navigation ;  and  he  therefore  eonimcncod  to 
make  trial  compasses  with  very  much  smaller  needles  than  any 
previously  in  use ;  but  it  w«b  only  after  tiiree  years  of  very  varied 
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trials  in  the  laboratory  and  workshop,  and  at  sea,  that  he 
succeeded  in  producing  a  mariner's  compass  with  the  qualities 
necessary  for  thoroughly  satisfactory  working  in  all  weathers  aud 
all  seas,  and  in  every  class  of  ships,  and  yet  with  small  enough 
needles  for  the  perfect  application  of  the  late  Astronomer-Royal's 
method  of  correction  for  iron  ships. 

One  result  at  which  Sir  William  arrived,  partly  by  lengthened 
trials  at  sea  in  his  own  yacht,  and  partly  by  dynamical  theory 
analagous  to  that  of  Fronde  with  reference  to  the  rolling  of  ships, 
was  that  steadiness  of  the  compass  at  sea  was  to  be  obtained  not 
by  heaviness  of  needles  or  of  compass  card,  or  of  added  weights, 
but  by  longness  of  vibrational  period*  of  the  compass,  whatever  vnnrattoaai 
way  the  longness  may  be  obtained.  Thus  if  the  addition  of  weight  ^"^^ 
to  tike  compass  card  improves  it  in  respect  to  steadiness  at  sea,  it 
is  not  because  of  the  additional  friction  on  the  bearing  point  that 
this  improvement  is  obtained ;  on  the  contrary,  the  dulness  of  the 
bearing  point,  or  too  much  weight  upon  it,  renders  the  compass 
less  steady  at  sea,  and,  at  the  same  time,  less  decided  in  shewing 
changes  of  the  ship's  head,  than  it  would  be  were  the  point 
perfectly  fine  and  frictionless,  supposing  for  a  moment  this  to  be 
possible. 

It  is  by  increasing  the  vibrational  period  that  the  addition  of 
weight  gives  steadiness  to  the  compass ;  while,  on  the  other  hand, 
the  inorease  of  friction  on  the  bearing  point  is  both  injurious  in 
respect  to  steadiness,  and  detrimental  in  blunting  it  or  boring  into 
the  cap,  and  so  producing  sluggishness  after  a  short  time  of  use  at 
sea  K  weight  were  to  be  added  to  produce  steadiness,  the  place  J[^??2 
to  add  it  would  be  at  the  very  circumference  of  the  card.  oaniad  at 

The  conclusion  that  Sir  William  Thomson  came  to  was  that  no  ^^^^  *^^ 
weight  is  in  any  case  to  be  added,  beyond  that  which  is  necessary 
far  supporting  the  card ;  and  that — with  small  enough  needles  to 
admit  of  the  complete  application  of  the  late  Astronomer-Royal's 
principles  of  correction — ^the  length  of  period  required  for  steadi- 
ness at  sea  is  to  be  obtained,  without  sacrificing  freedom  from 
frictional  error,  by  giving  a  large  diameter  to  the  compass  card, 
and  by  throwing  to  its  outer  edge  as  nearly  as  possible  the  whole 
mass  of  rigid  material  which  it  must  Iiave  to  support  it 


•  Tlie  TifantioiuJ  period,  or  the  period  (m  it  may  be  called  for  brevity)  of  a 
rvmptm,  ia  the  time  it  takes  to  perform  a  complete  vibration,  to  and  fro,  when 
deflected  horiaontally  through  any  angle  not  exceeding  80^  or  40^,  and  left  to  itself  to 
Tibcate  freely. 
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In  the  compass  card,  of  which  a  representation  is  here  given, 
these  qualities  are  acquired  by  supporting  its  outer  edge  on  n 
thin  rim  of  aluminium — a  strong  but  exceedingly  light  metal — 
^^j  and  its  inner  parts  on  thirty-two  silk  thrt;ad3  stretched  from  tho 
rim  to  a  smtdl  central  boas  of  aluminium,  making  thirty-two 
spokes,  as  it  were,  of  the  wlieel.  The  card  itself  is  of  thin  strong 
paper,  and  all  the  central  parts  of  it  are  cut  away,  leaving  only 
enough  to  show  conveniently  the  ordinary  points  and  degree 
divisions  of  the  compass.  The  central  boss  consists  of  a  thin  disc 
of  aluminium,  with  a  hole  in  its  centre,  which  tests  on  the  pro- 
jecting lip  of  a  small  inveiied  cup  made  of  the  same  metal,  and 
mounted  with  a  sapphire  cap,  which,  in  its  turn,  rests  on  a  Used 
irtdinm*  point,  and  so  sustains  the  entire  card 
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£Sghb  small  needles,  from  3^  to  2  inches  long,  made  of  thin 
steel  wire,  and  weighing  in  aU  54  grains,  are  fixed  like  the  steps 
of  a  rope  ladder  on  two  parallel  silk  threads,  and  slnng  from  the 
alnroiniiun  rim  by  other  silk  threads  rove  through  eyes  in  the 
ends  of  the  outer  pair  of  needles. 

The  weight  of  the  central  boss,  aluminium  cup,  and  sapphire 
e^,  amounts  in  all  to  about  five  grains.  It  need  not  be  more  for 
a  24-inch  than  for  a  10-inch  compass. 

For  the  10-inch  compass,  the  whole  weight  on  the  iridium  W«lght  of 
pmnt,  including  rim,  card,  silk  threads,  central  bos.?,  and  needles, 
is  about  180  grains.  The  limit  to  the  "diameter  of  the  card 
depends  upon  the  quantity  of  soft  iron  that  can  be  introduced, 
witboat  inconvenience,  on  the  starboard  and  port  sides  of  the 
binnacle,  to  correct  the  quudrantal  error.  If,  as  sometimes  may 
be  advisable  in  the  case  of  a  pole  or  masthead  compass,  it  be 
decided  to  leave  the  quadrantal  error  uncorrected,  the  diameter  of 
the  compass  card  may  be  anything  from  12  to  24i  inches,  according  "■•*' <*'*■ 
to  circnmstances.  A  24-iDch  card  on  this  principle  will  un- 
doubtedly have  less  frictional  error  or  "sluggishness"  for  the 
same  decree  of  steadiness  than  any  smaller  size ;  but  a  12-inch 
card  works  well  even  in  very  uDfavourable  circumstances,  and  it 
will  rarely,  if  ever,  be  necessary  to  choose  a  larger  size,  unless  for 
convenience  of  the  steersmiui,  to  enable  him  to  see  the  divisions, 
whether  points  or  degrees. 

Specimens  of  12-incb,  15-inch,  and  24i-inch  Pole  compasses  have 
been  made.  The  last  mentioned  may  be  looked  at  with  some 
curiosity  aa  being  probably  the  lai^est  compass  in  the  world,  and 
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would  require  a  bowt  like  a  washing  tub.  It  will  uo  doubt  b*  ] 
properly  condemned  as  too  cumbrous  for  use  at  sea,  eveu  io  the  | 
largest  ship,  but  there  can  be  no  doubt  it  would  work  well  i 
position  in  which  a  smaller  compass  would  be  made  to  oscillate  I 
very  wildly  by  the  motion  of  the  ship. 

The  subjoined  diagram  represents  the  10'  Standard  Compass  I 
BUumda  top.  aud  upper  portion  of  binnacle.     The  Azimuth -Mirror  ia  shipped 
ready  for  observiug,  and  it  will  be  noticed  that  a  small  door  ia 

trear  of  the  helmet  gives  access  to  it,  so  that  in  bad  weather  ao 
azimuth  or  bearing  can  be  taken  without  removing  the  binnado-  j 
top. 

Itiiillim  nf      The  "period"  of  Sir  William  Thomson's  lO-iuch  compass  is  ai\ 
"'^  England  about  40  seconds,  which  is  more  than  double  the  "period" 

of  the  A  card  of  the  Admiralty  Standard  Compass,  and  i 
sidcrably  longer  than  that  of  the  ordinary  lO-ioch  compass  so 
much  in  use  in  merchant  steamers.  The  new  compass  ought, 
therefore,  according  to  theory,  to  be  considerably  steadier  i 
heavy  sea  than  either  the  Admiralty  composa  or  the  wdinary 


FRICTIONAL   ERROR  OF  CARD, 


139 


lO-inch  compass,  and  actual  experience  at  sea  has  thoroughly 
fulfilled  this  promisa     It  has  also  proved  very  satisfactory  in  FdAtionai 
respect  to  frictional  error;   so  much  so  that  variations  of  a*''^' 
steamer's  course  of  less  than  half  a  degree  are  shewn  instantly 
and  surely,  even  if  the  engines  be  stopped,  and  the  water  per- 
fectly smooth. 

With  the  small  needles  of  Sir  William's  compass,  the  complete 
practical  application  of  the  late  Astronomer-Royal's  principles  of 
correction  is  easy  and  sure:  that  is  to  say,  correctors  can  be 
applied  so  that  the  compass  shall  be  free  from  Deviation  on  all 
points ;  and  these  correctors  can  be  easily  and  surely  adjusted  at 
sea  as  need  may  arise,  so  as  to  remove  the  smallest  discoverable 
error  growing  up,  whether  through  change  of  the  ship's  own 
magnetism  or  of  the  magnetism  induced  by  the  earth  according 
to  the  geographical  position  of  the  ship. 

To  correct  the  quadrantal  error,  a  pair  of  solid  or  hollow  iron  QoAdraaui 
globes  are  placed  on  proper  supports  attached  to  the  binnacle.  **"•****"• 
This  mode  is  preferable  to  the  usual  chain  boxes,  because  a  con- 
tinuous globe  or  spherical  shell  of  iron  is  more  regular  in  its 
effect  than  a  heap  of  chain,  and  because  a  considerably  less  bulk 
of  the  continuous  iron  suffices  to  correct  the  same  error. 

When,  in  a  first  adjustment  in  a  new  ship,  or  in  a  new  position 
of  a  compass  in  an  old  ship,  the  quadrantal  error  has  been  foimd 
from  observation,  by  the  ordinary  practical  methods,  it  is  to  be 
corrected  by  placing  a  pair  of  globes  in  proper  positions  according 
to  the  table  on  next  page. 
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Table  foe  Correction  of  Quadrantal  Error, 

FROM   12  TO   16  DEOREEa 

1 

Error  to  be 

12.incJi 

11 -inch 

Corrected. 

Globei. 

Glohee. 

Inches. 

Inches. 

120 

8-61 

7-89 

12J 

8-42 

772 

18 

8-28 

7-54 

18i 

8-05 

7-38 

14 

7-89 

7-28 

14 

7-78 

7-09 

15 

7-68 

6-95 

154 

7-44 

6-82 

16 

7-80 

6*69 

When  the  quadrantal  error  has  been  thus  once  accurately 
o(»Tected,  the  correction  is  perfect  to  whatever  part  of  the  world 
the  ship  may  go,  and  requires  no  adjustment  at  any  subsequent 
time,  txcqpi  m  the  coie  of  some  cUtercUion  in  the  ship* 8  iron,  or  of 
iron  cargo  or  ballast  sufficiently  near  the  compass  to  introduce  a 
sensible  change  in  the  quadrantal  error. 

The  vast  simplification  of  the  deviations  of  the  compass  effected  DUBonity  tn 
by  a  perfect  correction  of  this  part  of  the  whole  error,  has  not^  S^u^ot^ 
until  now,  been  practically  appreciated,  because,  in  point  of  fact,  ^'i^^"^* 
with  other  compasses  this  correction  has  rarely,  if  ever,  been 
SQocessfully  made  for  all  latitudes.  The  pair  of  large  needles  of 
tiie  compass  ordinarily  used  in  merchant  ships  does  not — as  has 
been  shewn  by  Captain  Sir  Fred.  Evans  and  Mr.  Archibald 
Smith — admit  of  the  correction  of  the  quadrantal  error  in  the 
usual  manner,  without  the  introduction  of  a  still  more  pernicious 
error,  depending  on  the  nearness  of  the  ends  of  the  needles  to 
the  masses  of  chain,  or  of  soft  iron  of  whatever  kind,  applied  on 
the  two  sides  of  the  compass  to  produce  the  correction.  The 
Admiralty  Standard  Compass,  with  its  four  needles  proportioned 
and  placed  according  to  Archibald  Smith's  rule,  is  comparatively 
free  £rom  this  fault ;  so  also  is  the  compass  described  in  Chapter 
H ;  but  even  with  them,  and  still  more  with  the  stronger  needles 
of  the  12-inch  compasses  of  merchant  ships,  there  is  another 
serious  cause  of  failure,  depending  on  the  magnetism  induced  in 
the  iron  correctors  by  the  compass  needles,  in  consequence  of 
which,  if  the  quadrantal  error  is  accurately  corrected  in  one  lati- 
tude, it  wiQ  be  found  over-corrected  in  high  magnetic  latitudes,  and 
^nder-corrected  in  the  neighbourhood  of  the  magnetic  equator. 
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Sir  William  Thomson's  compass  is  specially  designed  to  avoid 
both  these  causes  d£  failure  in  the  correction  oE  the  quadranta 
error  ;  and  experiment  has  conclusively  shewn  that,  with  it,  thi 
correction  by  such  moderate  masses  of  iron  as  those  indicated  t 
the  preceding  table,  is  practically  perfect,  not  only  in  the  place  a 
adjustment,  but  in  all  latitudes. 

When  once  the  quadrantal  error  has  been  accurately  corr 
there  is  no  difficulty  about  the  semi-circular  deviation,  since  tin 
binnacle  is  provided  with  proper  appliances  for  effecting  this  p 
of  the  adjustment  in  a  speedy  and  certain  manner,  and  with  th) 
minimum  of  trouble. 

The  objection  has  often  been  made  to  the  use  of  correc 
magnets,  that  their  re-adjustment  at  sea  leaves  the  navigatd 
without  the  means  of  judging,  when  he  returns  from  a  foreig 
voyage,  as  to  how  much  of  the  existing  error  found  on  re-adjoj 
ment  depends  on  changes  which  have  been  made  in  the  oorrectio) 
magnets,  and  how  much  on  changes  of  the  ship's  own  magnetia 
This  objection  has  been  met,  in  Sir  William  Thomson's  binnacle,  b 
providing  that  at  any  moment  the  correctors  can  be  removod  c 
set  to  any  degree  of  power  to  which  they  may  have  been  set  i 
any  time  in  the  course  of  the  voyage,  and  again  re-set  to  t1 
last  position  with  perfect  accuracy. 

The  appliances  for  changing  the  adjustment  are  under  lock  a 
key,  so  lljat  they  can  never  be  altered,  except  by  the  captain  ( 
some  properly  authorised  officer. 

Further  to  facilitate  the  iwe  of  the  correctors,  they  havo  » 
affixed,  which  are  graduated  accurately  to  correspond  to  deRaiM 
variations  of  the  effect  which  they  produce  on  the  compass.  Tba 
as  soon  as  the  error  has  been  det«rDiinod  by  an  azimuth  or  anjj 
other  mode,  the  corrector  may  at  once  be  shifted  to  a  posititN 
certain  to  compensate  it.  Of  course,  whoever  is  performing  th| 
adjustment  will  satisfy  himself  of  its  correctness  by  a  aecoiu 
observation. 

The  compass-bowl  is  attached  to  the  suspensory  rings  by  knife- 
edge  gimbals,  and,  to  diminish  the  shocks  incidental  to  ship-board, 
the  whole  affair  is  slung  from  an  elastic  copper  grommet 
Further,  to  secure  isochruiii.Hm  of  the  card  and  bowl,  the  latter 
is  weighted  to  the  requisito  degree  by  means  of  castor  oil  couGocd 
in  a  double  bottom.  The  glass  cover  is  strong,  and  well  secured 
to  the  bezel  by  means  of  fonr  millod-headed  screws;  the  latter  it 
made  to  tit  air-tight  to  the  bowl,  so  that  dampneas  cannot  gvt  in 
to  cloud  the  glnm ;   there  u  conaoqueiitly  never  any  occasion  to 
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meddle  with  the  card.  The  brass  helmet  is  secured  to  the  binnacle 
rim  without  the  aid  of  screws,  and  can  be  instantaneously  slued 
to  the  right  or  left  to  get  rough  eye  bearings — a  great  improve- 
ment on  the  old  plan,  where  the  screws  were  always  either  nutiiiot 
mialaid  or  lost  The  binnacle  lamps  are  so  placed  that  the  light  ^'*"**"^ ••**'•" 
falls  on  the /ar  side  of  the  card  and  on  the  lubber  s  point,  but  not 
in  the  eyee  of  the  observer.  In  fact,  all  the  details  necessary  to  a 
smtiafactory  compass  have  been  carefully  considered,  and  well 
carried  ont. 

St   THE  AZIMUTM-MIBBOB. 

Some  years  ago  an  important  objection  was  raised  by  Captain 
^  Frederick  Evans,  RN.,  against  the  use  of  quadrantal 
correctors  in  the  Navy,  that  they  would  prevent  the  taking  of  lu  many 
bearings  by  the  prismatic  azimuth-ring  which  forms  part  of  the  •*^•■^■«•■• 
Admiralty  Standard  Compass.  The  azimuth-mirror  depicted  in 
the  diagram  on  page  138  was  designed  to  obviate  that  objection, 
and  happily  disposes  of  many  others  also. 

Its  use  even  for  taking  bearings  of  objects  on  the  horizon  is  not 
interfered  with  by  the  globes  constituting  the  quadrantal  correc- 
tors, even  if  their  highest  points  rise  as  high  as  five  inches  above 
the  glass  of  the  compass-bowl. 

It  is  founded  on  the  principle  of  the  camera  lucida.  The 
observer,  whea  taking  a  bearing,  turns  the  instrument  round  its  upon  wmoh 
vertical  axis  until  the  mirror  and  lens  are  fairly  opposite  to  the  **  *■  ^Mtd, 
object.  He  then  looks  through  the  lens  at  the  degree  divisions 
of  the  compass-card,  and  turns  the  mirror  round  its  horizontal 
axis  till  he  brings  the  image  of  the  object  to  fall  on  the  card.  He 
then  reads  directly  on  the  card  the  compass  bearing  of  the 
object 

Besides  fulfilling  the  purpose  for  which  it  was  originally 
designed,  to  allow  bearings  to  be  taken  without  impediment  from 
the  quadrantal  correctors,  the  Azimuth- Mirror  hfis  a  great  advan- 
tage in  not  requiring  any  adjustment  of  the  instrument  such  as 
that  by  which,  in  the  prismatic  azimuth-ring,  the  hair  is  brought 
to  exactly  cover  the  object  The  focal  length  of  the  lens  in  the 
Azimuth-Mirror  is  about  12  per  cent  longer  than  the  radius  of 
the  circle  of  the  compass-card,  and  thus,  by  an  elementary  optical 
principle,  it  follows  that  two  objects  a  degree  asunder  on  the 
horizon  will,  by  their  images  seen  in  the  Azimuth-Mirror,  cover  a 
space  of  1*'12  of  the  compass-card  seen  through  the  lens.  Hence, 
turning  the  instrument  round  its  vertical  axis  through  one  degree 


will  only  alter  the  apparent  bearing  of  an  object  on  the  hori 
by  O'^IZ.  Thus  it  is  not  necessary  to  adjust  it  eaxtcUy  to  1 
direct  position  for  the  bearing  of  any  particular  object,  though  ■ 
a  matter  of  fact  it  can  be  done  absolutely  without  trouble  of  anj 
kind.  It  it  be  designedly  put  even  as  much  as  9°  awry  on  either 
side  of  the  direct  position,  the  error  on  the  bearing  would  hardly 
amount  to  a  degree. 

liKtl  Lengtb.  If  the  instrument  were  to  be  used  solely  for  taking  bearings  of 
objects  on  the  horizon,  the  focal  length  of  the  lens  would  be  made 
exactly  equal  to  the  radius  of  the  circle  of  the  card,  and  thus  even 
the  small  error  of  0°'12  in  the  bearing  for  each  degree  of  error  in 
the  setting  would  be  avoided.  But  one  of  the  moat  important 
uses  of  the  aitimuth  itiHtrument  at  sea  is  to  correct  the  compass 
by  hearings  of  sun,  moon,  or  stars,  at  altitudes  of  from  0'  to  50° 
above  the  horizon.  The  actual  focal  lengt'i  is  accordingly  chosen 
to  suit  an  altitude  of  about  IT,  this  being  the  angle  whose 
natural  secant  is  V\t.  Thus  if  two  objects,  near  together,  whoso 
altitudes  are  27",  or  thereabouts,  and  difference  of  azimuth  is  1*, 
should  be  taken  simultaneously  in  the  Azimuth -Mirror,  their 
difference  of  bearings  will  also  be  shewn  as  1'  by  the  divided 
circles  of  the  compass  card  seen  through  the  lens. 

sxkot  setUixE     Hence  for  taking  azimuths  of  bodies  at  an  altitude  of  27°,  or 

'  thereabouts,  no  setting  of  the  Azimuth -Mirror  by  turning  round 

the  vertical  axis  is  necessary,  except  just  to  bring  the  object  into 

the  field  of  view,  when   its   bearing  will  immediately  be  Been 

accurately  shown  on  the  edge  of  the  compass-card. 

This  is  a  very  valuable  quality  for  use  in  rough  weather  at  sea, 
or  when  there  are  flying  clouds  which  just  allow  a  glimpse  of  the 
object  to  be  caught,  without  allowing  time  to  perform  an  adjust- 
ment, such  as  that  of  bringing  the  t'nrcad  of  the  ordinary  azimuth 
ring,  or  r«ther,  the  estimated  middle  of  the  apace  traversed  by  the 
thread  in  the  rolling  of  the  ship,  to  coincide  with  the  object.  The 
same  degree  of  error  as  on  tiie  horizon,  but  in  the  opposit« 
direction,  is  produced  by  imperfect  setting  in  taking  the  bearing 
of  an  object  at  an  altitude  of  38'. 

Thus  for  objects  from  the  horizon  np  to  SS",  the  error  in  the 
bearing  is  loss  thun  12  per  cent  of  the  error  in  the  setting.  For 
objects  at  a  higher  altitude  than  38°  the  error  rapidly  increaM«. 
but  it  is  always  easy,  if  desirv<I,  to  set  the  instrument  accurately 
by  turning  it  so  that  the  red  indicator  below  the  lens  shall  point 
exactly,  or  nearly  so,  to  the  position  on  the  divided  circle  of  tb« 
Compa-iH-card  occnpied  hy   the   image  of  bh«  object  j   indeed  f 
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r.lwaya  anggests  itself  as  the  natural  thing  to  do.  In  no  caso 
however,  is  it  recommended,  with  this  or  any  other  instrument,  to 
take  asmnths  above  3D\ 

For  taking  star  beiurings  tlio  Azimuth-Mirror  lias  the  grt-at 
advantage  over  the  prismatic  azimuth-ring,  wJtli  its  then  invisible 
thread,  that  tiie  image  of  the  object  is  thrown  direc-tly  on  the 
illuiainated  scale  of  the  compass-card.  The  dogree  of  illumina- 
tion may  he  made  less  or  more,  according  to  faintness  or  brilliance  o>ntra«i«a 
of  the  object,  by  holding  a  binnacle  lamp  in  the  hand  at  a  greater  d 
at  leaa  distance,  and  letting  its  light  shine  only  on  the  portion  of 
the  compass-card  from  which  the  bearing  will  be  taken.  Indeed, 
witb  the  Azimuth -Mirror,  it  is  almost  easier  to  take  the  bearing 
of  a  planet  or  moderately  bright  star  by  night,  than  of  the  sun  by 
day ;  the  star  is  seen  as  a  fine  point  on  the  margin  of  the  card 
and  it  is  easy  to  read  ofi'  its  position  instantly  by  estiniatiou 
to  the  tenth  of  a  degree. 

The  most  convenient  as  well  as  the  most  accurate  methoil  of  all, 
however,  is  the  sun  when  bright  enough  and  high  enough  above 
the  horizon  to  throw  a  good  shadow  on  the  compass-card.     For 


inserted  in  the  framework  of  the  instrument  in  such  a  position 
tbat  when  the  Azimuth-Mirror  is  properly  shipped  on  the  glaw  of 
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the  compass-bowl,  the  pia  is  pBrpendicular  to  the  glass,  and  accu< 
rately  centred  over  the  bearing  point  of  the  card  A  small  cir- 
cular level  attached  to  the  instrument,  she^vn  on  right  of  dia^am, 
tells  at  once  whether  the  compass-bowl  ia  out  of  balance,  but  in 
practice  this  is  seldom  or  never  the  cose.  Any  way  tlie  remedy  ia 
simple :  a  small  weight  of  any  kind — say  a  penny  piece — may  be 
moved  about  on  the  glass  till  tliL>  bubble  of  the  level  remains  in 
the  centre  of  ita  run,  and  taken  away  after  the  observations  are 
completed. 

Another  advantage  of  the  Azimuth-Mirror,  particularly  im- 
portant for  taking  bearings  at  sea  when  there  is  much  motion, 
is  that  with  it,  it  is  not  necessary  to  look  through  a  small  aperture 
in  an  instrument  moving  with  t!ie  compass-bowl,  as  in  tlie  ordinary 
prismatic  arrangement  still  fitted  to  the  standard  compaswa  of 
many  of  the  best  merchant  vessels.  In  nsing  the  Azimuth -Mirror, 
the  eye  may  be  placed  at  any  distance,  say  from  an  inch  or  so  to 
two  or  three  feet  from  the  instrument,  according  to  convenience, 
and  in  any  position,  and  may  be  moved  about  freely  through  a 
considerable  range,  on  either  side  of  the  line  of  direct  vision 
through  the  lens,  without  at  all  disturbing  the  accuracy  of  the 
observation. 

This  last  condition  is  secured  by  the  lens  being  fixed  in  soch  a  { 
position  that  the  divided  circle  of  the  compass-card  is  in  ifa 
principal  focus.  Thus  the  virtual  image  of  the  divided  circle  ii 
at  an  intiuitf  distance,  and  the  images  of  distant  objects  seei 
coincidently  with  it  by  reflection  in  the  mirror,  show  no  shifting 
on  it,  that  is  to  say,  no  parallax,  when  the  eye  is  moved  from  tho 
central  line  to  either  side. 

The  Azimuth- Mirror  is  fitted  with  coloured  shades  for  ' 
when  observing  the  sun;  and  for  bearings  of  objects  on  or  near  | 
the  horizon,  the  mirror  can  be  reversed  in  a  second  of  time,  so  aa  I 
to  make  the  reflected  image  of  the  degrees  on  the  card  coincide 
with  the  object  seen  by  direct  vision  over  the  top  of  tJie  mirror. 
Tliere  are,  therefore,  two  methods  of  getting  the  bearings  of  objects 
near  the  horizon,  and  the  observer  can  please  himself  as  to  which 
lie  em  ploy  a 

This  little  instrument  is  the  (juintessence  of  all  that  ia  fequinnl 
to  obtain  accurate  bearings  of  bodies  terrestrial  or  culcst'aL 
When  not  in  actual  use  it  Hts  into  a  neat  mahogany  box. 
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S.  AH  ADJUSTABLE  DBFLEOTOB,  FOB  COMPLBTELT  DETEBMIKINa  THE  00MPA88 
BBBOB  WHBH  BIOHTB  OF  HEAVENLY  BODIES,  OB  COMPASS  MARKS  ON 
SHOB^,  ABB  HOT  AYAILABLB,  A3  FOB  EXAMPLE  IN  FOG,  OB  ON  A  GLOUDT 
BIOBT. 

About  thirty-five  years  ago,  Sir  Edward  Sabine  gave  a  method,  Origin, 
in  which,  by  aid  of  deflecting  magnets  properly  placed  on  pro- 
jecting arms  attached  to  the  prism-circle  of  the  Admiralty  standard 
compass,  a  partial  determination  of  the  error  of  the  compass 
could  be  made  at  any  time,  whether  at  sea  or  in  harbour,  without 
the  aid  of  azimuths  of  heavenly  bodies  or  transit  marks  on  shore. 

The  adjustable  magnetic  deflector  invented  by  Sir  William  improred 
Thomson,  is  designed  for  carrying  out  in  practice  Sabine's  method  *'"*""«^ 
more  rapidly  and  more  accurately,  and  for  extending  it,  by  aid  of 
Archibald  Smith's  theory,  to  the  complete  determination  of  the 
compass  error,  with  the  exception  of  the  constant  term  "  A "  of 
the  Admiralty  notation,  which  in  almost  every  practical  case  is 
sero,  and  which  in  a  well  made  compass,  and  with  a  correctly 
placed  lubber  line,  can  only  have  a  sensible  value  in  virtue  of 
some  very  marked  want  of  symmetry  of  the  iron  work  in  the 
neighbourhood  of  the  compass.  When  it  exists  it  can  easily  be 
determined  once  for  all,  and  allowed  for  as  if  it  were  an  index- 
error  of  the  compass  card,  and  it  will,  therefore,  to  avoid  circum- 
locution in  the  statements  which  follow,  be  either  supposed  to  be 
zero,  or  allowed  for  as  index-error. 

The  new  method  of  adjustment  is  founded  on  the  following  Principle 
four  principles:—  fo'i^d^' 

(1.)  K  the  directive  force  on  the  compass  needles  be  constant 
on  all  courses  of  the  ship,  the  compass  is  correct  on  all  courses. 

(2.)  If  the  directive  force  be  equal  on  five  different  courses  it 
will  be  equal  on  all  coursea 

(3.)  Supposing  the  compass  to  be  so  nearly  correct,  or  to  have 
been  so  far  approximately  adjusted,  that  there  is  not  more  than 
eight  or  ten  degrees  of  error  on  any  course,  let  the  directive  forces 
be  measured  on  two  opposite  courses.  If  these  forces  are  equal, 
the  compass  is  free  from  semicircular  error  on  the  two  courses  at 
right  angles  to  those  on  which  the  forces  were  measured ;  if  they 
are  unequal,  there  is  a  semicircular  error  on  the  courses  at  right 
angles  to  those  on  which  the  forces  were  measured,  amounting  to 
the  same  fraction  of  the  radian  that  the  difference  of  the  measured 
forces  is  of  their  sum.* 

*  The  unit  of  circular  meaBure  is  »n  angle  which  is  subtended  at  the  centre  of  a 
circle  by  an  arc  equal  to  the  radius  of  that  circle,  t^uch  an  angle  goes  by  the  uaiue 
of  the  'radian,*  and  is  equal  to  y^Iit  or  57°  3  nearly 


148 


,*   DESCRIPTION  OF 


(4.)  Tlie  difference  of  the  sums  of  the  directive  forces  on  oppo- 
site courses  in  two  lines  at  right  angles  to  one  another,  divided  by 
the  sum  of  the  four  forces,  ia  equal  to  the  proportion  which  the 
quadrantal  error,  on  the  coarses  45'  from  those  on  which  the 
observations  were  made,  bears  to  o7'"3. 
I*  auilr  The  deflector  may  be  used  either  under  way  or  in  swinging  the 
ship  at  buoys.  The  whole  process  of  correcting  the  compass  by  it 
is  performed  with  tlie  greatest  ease  and  rapidity  when  under  way, 
witli  sea  room  enough  to  steer  steadily  on  each  course  tor  a  few 
minutes,  and  to  tiun  rapidly  from  oue  course  to  another. 

For  each  operation  the  ship  must  be  kept  ou  one  course  for  three 
or  four  iriiniites,  if  under  way,  by  steering  by  aid  of  an  auxiliary 
compass,  otherwise  by  hawsers  in  the  usual  manner  if  swinging 
ftt  buoys,  or  by  means  of  steam-tugs.  A  variation  of  two  or  three 
degrees  in  the  course  during  tho  operation  will  not  make  a  third 
of  a  degree  of  error  iu  the  result,  as  regards  the  tinal  correction  of 
the  compass. 

The  deHector  reading  is  to  be  taken  according  to  the  detailed 
directions  in  tho  printed  "  Instructions,"  accompanying  tho  instru- 
ment. This  reailing  may  be  taken  direct  on  the  small  straight 
scale  iu  the  lower  part  of  the  instrument  The  divided  micro- 
meter circle  at  the  top  ia  scarcely  needed,  as  it  is  easy  to  esti- 
mate tho  direct  reading  on  the  straight  scale  to  a  tenth  of  a 
di^HsIon,  which  ia  far  more  than  accurate  enough  for  all  practical 
pur{>oses.  This  reading  with  a  proper  cousLaat  a-JiJud  gives,  in 
each  case,  the  number  measuring  in  arbitrary  units  the  magni- 
tude of  the  direct  force  on  the  compass  for  the  particular  coarse 
of  the  shi))  on  which  the  observation  is  made. 

The  adjustment  by  aid  of  the  dcHector  is  quite  as  accurate  as  it 
can  bo  by  aid  of  compass  marks  or  sights  of  sun  or  stars,  though 
on  a  clear  day  at  any  time  when  the  sun's  altitude  b  less  than  M*, 
or  ou  any  clear  night,  the  a<IjuEter  will  of  course  take  advan- 
tage of  sights  of  sun  or  stars,  whether  be  helps  himself  alao  with 
the  deflector  or  not. 

The  deilector  consists  of  two  pairs  of  small  steel  bar  magnets  be 
attached  to  brass  frames,  jointed  together  and  suppurted  on  a  aole- 
plate,  which  is  placed  on  the  glass  cover  of  tho  compass-bowl 
when  the  iui>trument  is  in  usa  The  two  frames  carry  pivoted 
screw  nuts,  with  right  and  Irft  handed  screws  A  brass  shaft  aa 
with  right  and  left  handed  screws  cut  ou  iu  two  halves,  works  in 
thi'AU  nut-',  sn  that  when  it  i-*  turned  in  eith^-r  direction  one  of  the 
two  pairs  of  north  jwlea  U  V'rought  nearer  to,  or  farther  from,  one 
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of  the  two  pairs  of  south  poles,  while  the  other  two  pairs  of  north  porition 
and  soath  poles  are  all  in  the  line  of  the  hinged  joint  between  the  ^  ^®^^ 
two  frames.     This  arrangement,  which  constitutes,  as  it  were,  a 


jointed  horse-shoe  magnet,  adjustable  to  greater  or  less  magnetic 
moment  by  increasing  or  diminishing  the  distance  between  its 
poles  through  the  action  of  the  screw,  is  so  supported  on  its  sole- 
plate  ihat^  when  this  is  properly  placed  on  the  glass  of  the  com- 
psas-bowl,  the  effective  poles  move  to  and  fro  horizontally  about 
half  an  inch  above  the  glass  on  the  two  sides  of  a  vertical  plane 
through  its  centra 

The  sole-plate  rests  on  three  feet,  one  of  which,  under  the  8oi*  ^J***- 
centre  of  gravity  of  the  deflector,  rests  in  the  conical  hollow  in 
the  centre  of  the  glass.  It  is  caused  to  press  with  a  small  part  of 
its  whole  weight  on  the  other  two  feet  by  a  brass  spring  attached 
to  the  bottom  of  the  sole-plate,  on  the  other  side  of  the  centre 
from  these  two  feet,  and  pressing  downwards  on  the  glass.  This 
is  shewn  at  bottom  and  on  the  left  of  diagram. 

A  brass  pointer  attached  to  the  sole-plate  marks  the  magnetic 
axis  of  the  deflector.  It  projects  from  the  centre,  on  the  side  of 
which  ia  the  pair  of  south  polea  This  is  shewn  near  the  bottom 
and  on  the  right  of  the  diagram.  Thas  if  the  deflector  be 
properly  placed  on  the  glass  of  the  compass-bowl,  with  the  pointer 
over  the  north  point  of  the  card,  it  produces  no  deflection,  but 
augments  the  directive  force  on  the  needle. 

To  make  an  observation,  the  deflector  is  turned  round  in  cither 
direction,  and  the  north  point  of  the  card  is  seen  to  follow  the 
pointer. 

The  power  of  the  deflector  is  adjusted  by  the  screw,  so  that  Power,  how 
when  the  pointer  is  over  the  east  or  west  point  of  the  card,  the  '•fif'*^^*^ 
card  rests  balanced  at  some  stated  degree  of  deflection,  which  for 
the  regular  observation  on  board  ship  is  chosen  as  85°.     A  scale, 
measuring  changes  of  distance,  is  then  read  and  recorded. 


ISO 


MARINE  DIPPING  NEEDLE. 


For  adjusting  a  compa.'w  by  the  aid  of  tlie  di-fieclor,  the  corrt-ct- 
iiig  magnets  are  so  placed  that  the  deflfCtor  reivJiiig,  found  in  the 
manner  just  described,  shall  be  tbe  same  for  the  four  cardinal 
courses ;  and  also  for  one  o£  the  quadraiital  eoursefi,  if  the  compass  d 
is  sufficiently  affected  by  u  asymmetrically  placed  iron  to  shew  I 
any  sensible  amount  of  the  "  £  "  coastitucut  of  quadraiital  error. 

When  the  deflector  is  to  be  used  for  determining  the  aritounf  1 
of  an  uncorrecltii  error,  according  to  principlcJi  (3)  and  (4)  abov^  ff 
thu  magnetic  value  of  its  scale  reading  must  be  determined  hy  I 
experiment.  This  is  very  easily  done  on  shore,  by  observations  utm 
itii  detlecting  power,  when  set  by  its  screw  to  different  degrees  offl 
its  scale. 

Under  a  good  teacher,  the  practical  ui^e  of  this  invaluable  instro-  I 
mcut  is  soon  learnt,  and  af  t«r  reasonable  practice  with  it  there  ii  J 
no  particular  difficulty. 


BVtttieu  The  marine  dipping  necUc  is  used  for  comparing  the  "verticttfl 

force"*  on  Hhore  with  the  "vertical  force"  on  board,  thereby  I 
enabling  the  vertical  magnet  in  the  binnacle  to  be  so  adjustot)  aa  to.l 
correct  the  heeling  error.     It  consists  of  a  magnetised  steel  bar  ^W 

*  "  Vortioftl  (<itce  "  ii  k  ihort  cipranon  for  tha  vertiol  ooropuiWDt  bt  Um  cwlti> 
■■■■(■iietio  form.  It  U  TwskuHBd  u  pcwtiTB  when  Uis  direolioD  of  ita  satioo  opoo  ft  i«d 
pole  \t  downwarita,  M  in  the  DortlierD  hsmbphsn ;  Mid  iMKfttira  when  npvwdi,  m  la 
Um  kiaUwru  bcui*|>h<re.  At  tha  mkgnstio  equator  It  ia  ler<i.  The  amouot  ut  tha 
varCicaJ  turoa  at  anr  plaea  li  calcuUtad  by  multiplying  tbe  value  ul  tli*  horitnntal 
(■>rop,  iiiT<n  by  the  ohart  nf  line*  uf  ei^iial  buTi»>nt»l  force  of  the  Admiralty  Mannal, 
by  tha  tantcent  of  the  dip  aa  ^>rfi  by  the  chart  of  linw  of  equal  m^netia  dip.  Thm, 
xuple,  the  tangent  ut  the  Hip  fur  Um  Sontli  «f  K&gtand  being  S'4I,  and  tka 
huriuBtaJ  fnraa  ibvre  bniag  oalled  luiity,  the  vailieal  turaa  there  ia  t'li.  Tha 
of  the  dip  >l  Allen  b  '09,  and  Iba  horiimital  torn  Ibare  U  I'VS  ;  heuoe  the  rtftiod 
'•  It  -llbi,  or  abonl  ,■(  "t  tha  vorUul  Uane  al  tha  Sunth  of  ffl^aed. 
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supported  on  knife-edges,  so  as  to  be  capable  of  turning  round  a  Karine 
horiaontal  axis  dL  Before  being  magnetised,  the  needle  is  balanced  ^^^^' 
80  as  to  be  truly  horizontal  when  resting  on  the  knife-edges. 
When  magnetised,  the  north  or  red  end  dips,  and  a  paper  weight  e 
is  fitted  on  the  southern  half  of  the  needle  to  restore  its  balance. 
This  weight  can  be  slid  along  the  needle  whenever  a  change  in 
the  "  vertical  force  ^  renders  it  necessary. 

To  correct  the  heeling  error  on  board  ship,  the  instrument  is 
first  taken  on  shore,  to  a  spot  free  from  Local  Attraction,  and  the 
paper  weight  adjusted,  so  that  with  the  bubble  of  the  spirit-level/ 
in  the  centre,  the  needle  is  exactly  horizontal  when  resting  on  the 
knife-edge&    There  are  marks  by  which  this  can  be  effected. 

If  the  mean  directive  magnetic  force  on  board  were  the  same 
as  the  directive  force  on  shore,  the  instrument  would  now  be  taken 
on  board  and  placed  in  the  binnacle  in  such  a  position  that  its 
needle  would  now  occupy  the  place  previously  occupied  by  the  how  tow*  it 
needles  of  the  compass  card,  which  latter  has  to  be  temporarily 
removed.  It  would  then  be  found,  probably,  that  the  needle  had 
departed  from  its  horizontal  pasition,  and  the  vertical  magnet  in 
the  binnacle  would  have  to  be  moved  up  or  down  to  restore  the 
level,  always  bearing  in  mind  to  keep  the  bubble  in  the  centre. 
But  it  so  happens  that  the  mean  force  is  generally  from  iV  ^  iV 
less  on  board  than  it  is  on  shore,  and  in  order  to  allow  for  this, 
the  paper  weight  must  be  pushed  nearer  to  the  centre  of  the 
needle  by  iV  ^^  iV-  This  can  be  done  by  turning  the  instrument 
upside  down,  so  as  to  make  the  needle  lie  along  a  scale  graduated 
&om  the  centre  outwards.  This  being  accomplished,  the  instru- 
ment is  taken  on  board  ship,  and  the  compass-bowl  having  been 
removed  from  the  binnacle,  the  instrument  is  slung  by  four 
lanyards,  so  that  its  needle  shall  take  up  the  exact  place  before 
occupied  by  the  needles  of  the  compass-card.  The  vertical  magnet 
i»  then  slid  up  or  down  until  the  needle  of  the  instrument  rests 
truly  horizontal  when  the  bubble  of  the  spirit-level  is  in  the 
centre. 

a.  HAYIOATIOHAL  BOUNDINa  HACmNB. 

This  important  instrument  has  already  been  briefly  described 
on  pages  114  and  llo,  but  further  details  will  be  both  useful  and 
interesting. 

The  sounding  machine  in  question  is  designed  for  the  purpose 
qH  getting  soundings  from  a  vessel  running  at  high  speed  in  water 
of  any  depth  not  exceeding  100  fathoms. 
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The  ilifficultif«  to  be  overcome  are  twol'oM;  first,  to  get  the 
Itail  or  siDker  to  the  Iwttom ;  aud  seeondly,  to  get  sure  evidence 
m  to  the  depth  to  whieli  it  lias  gone  down.  For  practical  naviga- 
tion a  third  difficulty  must  also  be  met,  and  tliat  is,  to  bring  tho 
sinker  up  again;  for  althougii  in  deep-sea  surveys,  in  water  of 
more  than  3000  fathoms  depth,  it  \s  advisable,  even  when  piano- 
forte wire  b  used,  to  1  eavc  the  thirty  or  forty  pounds  sinker  at 
the  bottom,  and  bring  back  only  the  wire  with  attached 
instruments — it  would  never  do  in  practicnl  navigation  to  throw 
away  a  sutker  every  time  a  cast  is  taken  ;  and  the  loss  of  a  sinker, 
whether  with  or  without  any  portion  of  the  line,  ought  to  be  a 
rare  occurrence  in  many  ca»tH. 

The  first  and  third  of  th<;8e  difViculties  seemed  insuperable,  at 
alt  events  thej"  had  not  hitherto  been  overcome  with  hemp  rope 
for  the  sounding  line,  except  for  very  moderat-e  depths,  aud  for 
speeds  much  under  the  full  speed  of  a  modern  fast  steamer. 

Taking  advantage  of  the  great  strength,  and  the  mnall  and 
smooth  area  for  resistance  to  motion  through  the  water,  presented 
by  pianoforte  wire.  Sir  William Thomsontaisuccceded  in  overcom- 
ing all  these  difficulties,  and  with  his  sounding  machine  a  cast  in 
100  fathoms  can  readily  be  got  from  a  vessel  running  15  or  10 
knots  an  hour. 

The  steel  wire  weighs  nearly  1 1  lbs.  per  100  fathoms,  and  bean 
when  fresh,  from  230  to  240  lb?,  without  breaking ;  its  dream- 
ference  is  only  03  of  an  inch.  By  carefully  keeping  it  always, 
when  not  absolutely  in  use,  under  lime  water,  in  the  galvanized  iron 
tank  supplied  for  the  purpose,  it  is  prcservcil  quite  free  from 
rust,  and,  barring  accidents,  will  last  an  indefinite  time. 

In  the  most  recent  pattern,  uhcwn  in  the  ditigram  on  next 
page,  ihe  tank  of  Hme  water  forms  a  fixed  part  of  the  entire 
machine,  aud  the  drum  is  so  ana'iged  with  regani  to  it,  that  as 
soon  as  the  cast  is  taken  tho  wire  can  be  submerged  and  kept  so 
till  within  half  a  minute  of  taking  the  next  cast.  This  is  a  great 
improvement  In  winding  in,  one  man  should  guide  the  wire,  to 
make  it  lie  evenly  on  the  drum,  with  a  piece  of  canvas  wet  with 
lime  water.     The  canvas  may  be  kept  iu  the  tank. 

When  taking  a  cast,  uotonly  is  the  wire  »<vn  to  slacken  on  the 
lead  touching  Uie  bottom,  but  the  tound  is  quite  diflerent  Whew 
removing  tho  gliiss  gauge-tube  fnjin  the  brass  guard-tube,  be  suro 
and  kf^>  the  opnt  end  down  ;  also  in  reading  off  the  depth  by  the 
box-wood  scale,  maintain  it  in  this  position  (vertical,  or  nearly  so) 
and  take  tho  luu-tel  jmrt  of  the  re<l  mark  for  the  reading. 


COBBECTW.V  FOR  BAROHETEll. 


TLe  fi?ni*  "hows  the  machine  with  the  Bmnll  weight  A  reBtm?  on  (he  long 
roght  W,  uid  ihe  brake  cord  B  slack,  na  it  is  vheu  the  wire  s  bcin^  woi  ii  I 

To  put  on  the  brake:— Lift  the  long  weight  W  by  the  haul-rope  E,  and 


place  the  small  weight  A  in  the  recess  in  the  large  weight,  and  then  alack 
the  hand-rope  agwn.  While  a  Boundin?  ie  being  taken,  the  long  weight  W  is 
■  held  up  by  the  rope  £,  bo  as  to  allow  the  small  weight  A  W  hang  freely.  As 
Boon  as  the  sinker  reaches  the  bottom,  the  brake  is  put  on  by  easin;;  the  rope 
E,  and  allowing  the  weight  W  to  be  supported,  by  means  of  iu  jawa,  on  the 
amall  weight  A.  The  whole  weight  of  W  should  not  be  allowed  U>  come 
enildenly  on  A,  but  it  should  be  eased  down  gradunlly.  If,  when  the  whole 
weight  of  W  ie  resting  on  A,  the  wire  still  continues  to  run  out,  the  brake»- 
man  should  preaa  his  hand  down  on  the  top  of  W  until  ho  stops  the  whed. 
In  the  6gure  the  new  description  of  soimder  ia  shewn  on  the  left  attached  to 
the  cod-line,  but  the  writer  does  not  like  it  nearly  so  well  as  the  other  kind 
described  at  foot  of  pa^  1 14. 

If  the  sinker  should  get  jammed  in  a  cleft  of  rock  at  tfae  bottom, 
or  againat  the  side  of  a  boulder,  tbe  wire  will  inevitably  be  lost. 
Such  an  accident  must  obviously  be  very  rare  indeed,  and  any 
other  form  of  sounding  macliine  is  equally  liable  to  the  same 
mi.-jliap. 

The  main  care  in  respect  to  avoiding  breakage  of  the  wire  may 
be  stated  in  three  words — Beware  of  Icinka. 

It  should  be  carefully  seen  to  at  all  times,  when  the  twd-line*  a 
unbent  from  the  ring,  that  the  ring  is  securely  seized  to  the  bole 
provided  for  the  purpose  in  the  rim  of  the  drum.  If  the  wire  and 
ring  are  carelessly  allowed  to  knock  about  slack  on  the  drum 
when  the  drum  is  being  moved  to  bo  set  up  for  use,  or  to  bo 
replaced  under  the  lime  water,  there  is  a  liability  to  some 
part  of  the  wire  getting  a  turn  which  may  at  the  next  east  be 
pulled  into  a  kink,  and  then,  farewell  to  the  tinkfT.  All  that  ia 
wanted  in  the  8Ucce3.sful  use  of  this  machine  is  ordinary  car«  and 
intelligence  ;  lack  of  these  two  qualities  will  occasion  tlio  loss  of 
sinkers  and  tetnper. 


CHAPTER    XIV. 

THE  MERCURUL  AND  ANEROID  BAROMETERa 

As  many  seamen  are  but  imperfectly  acquainted  with  the 
fundamental  principles  of  the  Mercurial  and  Aneroid  Barometers, 
a  short  description  will  not  be  out  of  place. 

The  word  Barometer  is  compounded  of  two  Qreek  ones  signi-  Barometor^ 
fying  weight  and  measure,  and  the  instrument  is  used  accordingly  ^^^^^  ' 
to  measure  the  weight  of  the  superincumbent  atmosphera     From 
this  knowledge,  coupled  with  other  matters  which  will  be  discussed 
in  the  next  chapter,  conclusions  are  arrived  at  with  regard  to 
eoming  changes  in  the  weather.      The  atmosphere,  or  invisible  Height  of  our 
air-ocean,   extends  for  many  miles   above  the  earth's   surface,  **n»©"Phere. 
becoming  more  and  more  rarefied  in  proportion  to  its  height. 
This  latter  is  variously  estimated  at  from  100  to  200  miles ;  and 
beyond  this  is  lumini/erotis  ether — an  extremely  fine  imponderable 
fluid,  supposed  to  pervade  all  spaca 

At  the  level  of  the  sea  the  pressure  of  the  atmosphere  on  every  pntgiire  at 
square  inch  of  surface  is  about  16  lbs.,  or  nearly  one  ton  on  the  ■••^•▼•i' 
square  foot,  and  is  exerted  equally  in  all  directions — upwards, 
daumuHxrds,  and  sideways,  Without  actual  proof,  it  is  somewhat 
difficult  to  believe  this  from  one's  own  sensations,  but  there  are  a 
hundred  ways  of  shewing  it.  The  most  common  method  is  as 
fdlows : — 

Let  the  mouth  of  an  ordinary  earthen  flower-pot  be  tightly  Bxperiment 
covered  by  a  piece  of  bladder,  well  tied  down  round  the  neck,  uinrtratiiig 
Stand  it  on  the  plate  of  an  air-pump,  so  that  the  air  inside  can  be  prenure. 
exhausted  through  the  hole  in  the  bottom.     When  this  is  effected, 
tiie  weight  of  the  external  atmosphere,  being  no  longer  counter- 
balanced by  the  previous  upward  pressure  of  the  air  within  the 
pot,  will  cause  th6  bladder  to  stretch  and  bulge  inwards,  and 
finally  to  burst  with  a  loud  report.    In  a  small  flower-pot,  say  of 
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6  inches  diameter,  if  a  complete  vacuum  were  formed  (which, 
the  way,  is  im|iosMiUe),  the  effect  of  the  downward  pressure 
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the  bladder — supposing   it   capable  of   withstand  iiig  it — wonU 

amount  to  over  400  pounds. 

Kasdataiv         The  same  thing  may   be  demonstrated  yet  more  clearly  1 

■  means  of  what  are  known  as  the  Majjdeburg  Hemispheres.     Thq 


o»  two  tiollow  caps,  matle  to  (it  on  to  one  another,  with  an  air- 
tight  joint.  VVIien  pressed  together  by  hand  in  the  ordinary  way, 
they  are  easily  separated,  Uiere  being,  in  fact,  no  appreciable 
resistance;  but  if  connected  with  an  air-pump,  and  a  vacuam 
formed  within  the  cups,  so  that  the  air  is  only  allowed  to  exert 
its  force  on  their  outer  sid«,  it  will  bo  found  very  difBcolt  to  pall 
them  asunder,  tlio  amount  of  strain  required  depending  upon  tha 
sectional  area  of  the  circle :  for  instance,  if  the  hemispheres 
should  be  14  inches  iu  diameter,  they  will,  after  exhaastioo,  be 
presised  togctlier  with  a  force  of  upwards  of  a  ton,  and  as  this 
the  case  in  whatever  position  th*y  mmf  be  held,  it  proves 
atmos]ilii.-ric  pressui-e  is  exurt^nl  eipially  in  alt  directiona 
A  fauiiliar  and  not  unplrnsuiit  L-xaiiiplc  is  afforded  by  sai 
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up  sheny-cobbler  thzoogh  a  straw.  By  drawing  in  the  breath  a 
vaenum  ia  created  in  the  straw,  and  the  atmosphere  pressing  upon 
the  liquid  in  the  tomhler,  forces  it  to  rush  unopposed  into  the 
vacant  space. 

It  is  Bapposed  that  in  the  vortex  of  most  cyclones  the  spirally  votta  or 
ascending  currents  cause  a  partial  vacuum,  and  it  has  been  stated  ^T"!"''*^ 
that  daring  the  passage  of  the  calm  centre  of  a  West  Indian 
horricane,  the  windows  have  been  forced  outwards  into  the  street 
by  the  greater  pressure  of  the  air  wUMn  the  houses. 

The  pressure  of  the  atmosphere  having  thus  been  demonstrated, 
it  merely  remains  to  show  its  particular  mode  of  action  on  the 
bamneter.  This  can  best  be  illustrated  by  the  following  simple 
and  time-honoured  experiment: — 


Take  a  glass  tube  about  S3  inches  in  length,  hermetically  sealed  c 

at  one  end.    FiU  thia  with  pure  mercury,  and  have  some  more  "mSSSS* 

kandy  in  a  small  vessel,  such  as  a  teacup^     Press  the  finger^ 

ti^tly  over  the  open  end  to  act  as  a  stopper,  and  invert  the  tube, 

placing  the  end  covered  by  the  finger  in  the  cup  containing  the 

nereory.  aod  when  well  below  the  surface,  remove  the  finger. 

The  first  assumption  would  be  that  all  the  mercury  would  iu< 

rtaotly  flow  into  the  cup.     Not  so,  however.     The  quicksilver 

will  <Mily  fall  in  the  tube — ^leaving  a  vacant  space  in  the  upper 
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end — till  the  weight  of  the  colamn  is  balanced  by  the  atmosphoric 
pressure  on  the  liquid  metal  in  the  cup.     It  is  evideut  that  there 
can  be  no  downward  pressure  on  the  mercury  in  the  tube, 
the  tube  is  tightly  cIo8c<I  at  its  upper  end.     The  column  of 
cury  remaining  within  it  will  be  found  to  be  about  30  inches  i 
height,  and  would  be  equal  to  the  weight  of  a  column  of  U 
atmosphere  having  the  same  sectional  area  as  the  interior  of  ll 
tube. 

To  put  this  more  plainly — supposing  the  glass  tube  to  have  i 
internal  transverse  area  of  exactly  one  st^nare  inch,  and  that  tl 
height  of  the  eolumn  was  ascertained  to  be  30  inches,  this  wool 
give  the  contents  as  30  cubic  inches.  Now,  one  cubic  inch  < 
mercury  at  a  temperature  of  60°  (Fahrenheit)  weighs  "491  { 
a  pounil,  so  that  the  total  weight  of  the  mercury  in  the  t\ 
would  be  equal  to  30X -491.  or  1473  poumls,  which  would  aUo  | 
the  weight  of  a  column  of  the  atmosphere  indefinitely  hig! 
ha\'iug  a  similar  sectionitl  area  of  one  square  inclu 

Thus  we  see  that  the  barometer  (true  to  its  name)  affords 
very  reatly  means  of  d(.'teruiining  at  any  moment  the  weight  ( 
pressure  of  the  atmosphera  This  is  in  fact  alt  it  is  capable  ( 
doing  when  only  the  readijig  at  one  place,  as  on  board  ship,  ci 
he  obtained. 

The  blank  space  lell  at  the  top  of  the  tube  hy  the  descent  I 
the  mercury  U  the  nearat  known  approach  to  aptr/ect  vacuum. 

Excepting  some  small  details,  it  is  in  this  manner  merctuii 
barometers  are  actually  constructed.  For  example,  it  is  m 
that  by  means  of  a  lamp  the  mercury  should  be  boiled  I 
tube  to  free  it  thoroughly  from  ur-bubbles.  A  suitable  cistoi 
is  of  course  substituted  for  the  tea-cup,  and  a  scale  of  inehen 
atiixed,  whereby  to  read  otf  the  heigiit  of  the  mercury  in  the  tul 
above  the  level  uf  thai  in  the  cistern. 

The  reader  will  therefore  understand  that  the  mercury  doi 
not  rise  and  fall  in  the  tube  merely  by  ita  own  cxpandou,  or  coi 
traction  due  to  temperature,   but   that  it  it  forced  to  rise,  I 
suffered  to  fali,  according  to  tbe  varying  pressure  of  the 
sphere ;  and  that  the  scale  readings  represent  itwhet  anil  deeti 
tjxtrta  of  an  inrh,  and  not  de^p-eft,  as  the  writer  has  heard 
refi^rred  to  more  than  once. 

As  stated  at  the  commencement  of  this  chapter,  the  atmo^horie 
pressure  or  density  decreaaea  according  as  we  a-scend  above  the 
sea-level,  which  latter  is  adopted  as  the  datum  line  for  barometri- 
cal measuremontA     It  does  so  in  obedience  to  certain  \ 
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which,  it  should  be  said^  indude  considerations  of  temperature,  Koimtaia 
and  Dot  unfrequently  we  avail  ourselves  of  this  knowledge  to^***^^ 
measure  the  height  of  mountains  by  comparing  the  readings 
(taken  simultaneously)  of  two  barometers,  one  at  the  base  or  sea- 
level,  and  the  other  at  the  summit  Roughly, /or  small  elevations^ 
a  vertical  ascent  of  900  feet  corresponds  to  a  fall  of  one  inch  in 
the  height  of  the  barometer.  The  depth  of  a  mine  may  of  course 
be  measured  in  the  same  manner. 

If  water  were  used  in  a  barometer  instead  of  mercury,  the  tube  wat«r 
would  require  to  be  about  36  feet  in  length.  Water,  being  13'6  8*«»^*«- 
times  lighter  than  quicksilver,  would  be  forced  proportionately 
higher,  and  when  the  mercurial  column  stood  at  30  inches,  the 
water  column  would  have  a  height  of  34  feet.  It  is  due  to  this 
fact  that  we  are  able  with  a  common  two- valve  suction  pump  to 
lift  water  out  of  a  well  from  a  depth  of  about  28  or  30  feet. 

The  action  of  a  siphon  is  another  instance  of  atmospheric  pres- 
sure turned  to  account  in  a  very  ingenious  way.  The  siphon  is  how  the 
used  to  draw  off  liquids  from  vessels  which  it  is  not  convenient  or  sipiwm  aoti. 
desirable  to  move,  and  with  care  it  can  be  arranged  to  do  this 
without  disturbing  sediment  at  the  bottom — sometimes  a  matter 
of  great  importance.  A  vacuum  being  first  formed  in  the  tube, 
^  liquid  enters  the  immersed  leg  and  fills  the  place  of  the 
exhausted  air ;  and  since  the  pressure  on  the  orifices  of  the  tube  is 
in  each  case  equal  to  the  weight  of  the  atmosphere,  minua  the 
kdgkl  of  the  liquid  in  the  respective  legs,  it  follows  that  the  greater 
the  difference  of  level  between  the  surface  of  the  liquid  to  be 
withdrawn  and  the  orifice  of  the  leg  by  which  it  issues,  the  more 
npid  will  be  the  flow ;  and  further,  that  a  siphon  will  cease  to 
act  if  the  height  from  the  surface  of  the  liquid  to  the  bend  of  the 
ppe  be  greater  than  that  of  a  column  of  the  liquid  in  use 
sufficient  to  counterbalance  the  atmospheric  pressure:  conse- 
q;oently,  if  we  were  seeking  to  remove  water  from  a  vessel  by 
Bieans  of  a  siphon,  the  difference  in  height  between  the  bend  of 
the  pipe  and  the  surface  of  the  water  must  be  less  than  34  feet, 
and  in  the  case  of  mercury  it  would  require  to  be  under  30  inches. 

The  following  diagram  and  explanation  by  J.  C.  Trautwine,  of 
Fhiladelphia^  ought  to  make  the  matter  clear. 
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"Ifonelegafiof  al«Dt  tube  or  pipe  a&c,  of  uny  diameter,  filled  with  w 
and  with  both  ita  ends  stopped,  be  plac«d  in  a  reservoir  of  vutcr,  and  if 
etoppers  be  then  removed,  the  water  in  the  rciurvoir  will  begin  to  flow  01 
c,  and  will  (wntinue  to  do  so  until  its  level  is  reduced  to  I,  which  it  the  m 
ai  that  of  the  highett  end  c  of  the  [»[«  or  siphon.  Tlia  How  will  then  stop. 
ThepartsaAanddcarecalled  the  lefts  of  the  siphon,  i<  being  iti  higbait  point; 
and  this  is  correct  so  far  as  relates  to  it  merely  as  a  piece  of  tube;  but  cm- 
sidering  it  purely  with  rcj.'ard  to  its  character  a^a  hydraulic  mLcbine,  the  put 
ia  below  the  level  of  tho  higher  end  c,  miy  be  entirely  l)csle^;t«d ;  for  the 
water  in  the  reservoir  will  not  be  drawn  down  below  the  levjl  of  the  bigber 
end,  whether  that  be  tho  inner  or  the  outer  one.  Therefoie,  if  the  dtschwice 
end  be  above  the  surface  of  the  water  in  the  re:ervoir,  aa  for  instance  at  W,  no 
flow  will  take  plac& 

"The  vertic!id  height  bo,  from  the  highest  part  of  the  siihoti  to  the  loweot 
level  I,  to  which  the  reservoir  is  to  be  drawn  down,  must  ntt,  thcajreticallr, 
exceed  about  33  or  34  feet,  or  that  at  which  the  pressure  of  the  ftir  will  tarn- 
tain  a  column  of  water.  PracticAlIy  it  must  bo  less,  to  allow  fur  the  frictioB 
of  the  flowing  water,  and  fur  the  uir  which  fomw  its  way  in :  and  still  len  at 
plitres  far  above  sna  level,  for  at  such  the  redticd  we;;;ht  uf  ttie  atroua)iheric 
column  will  not  balance  so  great  a  height  of  water. 

"  In  order  re«dUy  to  understand,  or  at  any  time  to  recall  the  priac![de  on 
which  the  siphon  acts,  bear  in  mind  that  we  may  theoretically  cunsida'  the 
in  1  of  th(!  inner  leg  to  be  not  actuilly  immereed  Mow  the  water  surfim^  bat 
onl.v  to  be  kept  precisely  at  it  as  the  surface  descends  while  the  water  ia  flowiii( 
out  1  but  mny  regard  the  vortical  distance  ho  as  the  length  of  the  outer  leg ;  and 
B  varying  distance,  which  at  first  is  b$,  and  finally  bo  las  the  surface  of  the 
water  descends)  as  the  length  of  the  inner  leg  ;  and  that  the  flow  continiiM 
only  while  tkU  outer  leg  is  longer  than  fhit  inner  one.  The  books  ore  wroBf 
which  say  tliat  the  outer  leg  bt  mu»t  be  longer  than  the  inner  one  b-i,  in  onler 
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that  the  water  may  nin  at  all  The  principle  then  is  simply  this :  that  both 
these  legs  be  and  hi  being  fint  filled  with  water  (the  part  ia  being  considered 
at  first  as  a  portion  of  the  reservoir,  and  not  of  the  siphon),  it  follows  that 
when  the  stoppers  are  removed  from  the  orifices  c  and  a,  the  air  presses 
equally  against  these  orifices ;  but  the  great  vertical  head  of  water  bo  in  the 
oQter  leg  be,  presses  against  the  air  at  e  with  more  force  than  the  small  head 
of  water  bs  in  the  inner  leg  bi  does  against  the  air  at  a  or  i;  consequently  the 
water  in  be  will  tend  to  £aXi  out  more  rapidly  than  that  in  bi,  and  as  it  com- 
mences to  Ml  would  produce  a  vacuum  at  b  were  it  not  that  the  pressure  of 
the  air  against  the  other  end  a  or  t  forces  the  water  up  t6  to  supply  the  place 
of  that  which  flows  out  at  c  In  this  manner  the  flow  continues  until  the 
surface  of  the  water  in  the  reservoir  descends  to  <  on  the  same  level  as  c  The 
pressure  of  the  vertical  heads  bo,  bo,  in  the  two  legs  be,  bt,  being  then  equal,  it 
ceases. 

It  may  be  added  that,  to  entirely  drain  the  reservoir,  the  outer  leg  would 
require  to  be  longer  than  the  inner  ona 

For  many  reasons  a  water  barometer  is  unserviceable  for  scien-  water 
tifie  purposes,  but  experiments,  attended  with  a  certain  amount 
of  success,  are  being  tried  with  glycerine  as  a  substitute.  Mer- 
curial barometers  are  rapidly  going  out  of  fashion  for  use  on 
board  ship,  being  superseded  by  the  handier  and  more  sensitive 
Aneroid. 

It  is  often  difficult  to  find  a  suitable  spot  for  the  mercurial 
barometer  in  the  confined  cabins  of  vessels.     They  are  apt  to  bo 
knocked  against  and  broken.     To  avoid  this,  it  is  not  uncommon  Precautions 
to  see  them  suspended  inside  the  skylight — the  worst  possible  with  menm- 
plac&     To  indicate  truly,  the  sun  must  not  shine  on  the  instru-  '**i^'®" 
ment,  nor  should  it  be  exposed  to  currents  of  air,  as  is  almost 
certain  to  happen  in  such  a  situation,  and  in  which,  moreover,  it 
is  not  as  accessible  as  it  ought  to  be.     Again,  should  a  chance 
sea  break  the  skylight,  the  barometer  will  also  come  to  grief. 

Unless  the  instrument  hangs  truly  vertical,  the  level  of  the 
mercury  within  the  tube  will  be  too  high,'  For  this  reason,  there- 
fore, when  the  ship  is  rolling,  it  must  on  no  account  be  steadied 
or  held  in  the  hand  whilst  being  read  off.  If  anything,  such  as 
spiral  springs  or  elastic  bands,  interfere  with  its  free  movement, 
the  readings  wiU  be  erroneous. 

We  next  come  to  the  Aneroid.  This  word  is  derived  from 
three  Greek  ones,  signifying  "not  of  the  fluid  form,"  or  "without 
moistura"  Where  observations  are  not  required  for  strictly 
sdentific  purposes,  it  is  by  far  the  better  instrument  for  use 
afloat  It  is  more  portable,  and  occupies  much  less  room;  f or po^nijUj^y, 
example,  it  may  be  kept  in  a  drawer,  on  a  shelf,  or  fastened  to  a 
panel  near  one's  bed,  so  as  to  be  visible  without  effort.     As  already 
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SMiuuvtnM*,  stated,  it  is  more  sensitive  than  the  mercurial  barometer,  And  at 
all  times — more  especially  in  heavy  weather — easier  to  read. 
In  the  Aneroid,  fluctuations  of  the  atmosphere  are  measured  by 

Principle  of    its  varying  pressure  on  an  elastic  metallic  box,  from  which  almost 

uuAnwotd.  jj[]  j]|g  ^^  j^jjg  been  withdrawn,  and  which  ia  kept  from  complete 
collapse  by  a  strong  spring.  The  exterior  of  thia  vacuum  chamber, 
as  it  might  be  called,  is  so  connected  by  multiplying  levers  ftud 
apiings  with  the  pointer  which  traverses  the  face  of  the  instm- 
ment,  that  the  slightest  increase  or  diminution  of  pressure  is  at 
once  unmistakeably  indicated. 

From  the  perfection  of  make  arrived  at,  and  its  great  porta- 
bility, the  Aneroid  ia  now  very  commonly  used  in  the  determina- 
tion of  mountain  heights ;  also  by  en^necrs  for  contouring,  and 
roughly  ascerlalning  differences  of  level  in  a  hilly  country,  when 
mnning  what  are  termed  "trial  lines"  as  a  preliminarj-  to  a  close 
survey  for  a  new  railway.  For  these  purposes  the  face  of  the 
instrument  is  graduated  on  both  an  inner  and  outer  circle,  the  one 
corresponding  to  inches  of  mercury,  and  the  other  to  so  many 
feet  ©f  elevation.  Taking  30  inches  as  zero,  a  reading  of  18 
inches  would  correspond  to  an  elevation  of  somewhere  about 
14,000  feet  For  strictly  scientific  purposes  the  Aneroid,  as 
already  stated,  is  inferior  to  the  mercurial  barometer. 

As  the  delicate  mechanical  parts  of  the  Aneroid  arc  liable  to 
suffer  from  rust,  wear  and  tear,  and  other  causes,  it  should,  as  a 

itudard        precaution,  be  occasionally  compared  with  a  standard  mercurial 

'>«»^"*        barometer. 

It  is  just  as  well  that  seamen  should  know  that  the  Aneroid 

BHvi»  of  can  at  any  time  be  easily  adjusted  to  a  higher  or  lower  reading 

kdjnitount.  j,y  ^  deep.get  screw  at  the  back.  By  cartfally  turning  this  screw 
to  the  right  or  left  with  a  bradawl,  the  pointer  can  be  moved  in 
the  requirO'l  direction.  Before  setting  a  comjtcimatrvi  Aneroid  by 
a  standard  mercurial  barometer,  the  reading  of  the  latter  should 
be  correctetl  for  temperature  by  the  tables  for  this  purpose.* 

Piirties  ordering;  barometers  from  opticians  may  direct  them  to 
be  forwarded  to  Kew  Obaervatory,  London,  for  verification.  The 
scale  of  charges  is  very  moderate. 

There  is  a  small  pamphlet  entitled  "  The  Aneroid  Ba;omet«r : 


*  Tkble  II.,  p»««  153,  Adm.  Mm.  Scieotiflo  Enqoirj.  Tfas  eompMuon  iboold  b* 
mull!  villi  th*  Anaridd  in  tm  pnntionn,  cnie  in  th*  Ilpri||ht  po^tioD,  or  M  il  winU  b* 
vhMi  au'^wnilad  ;  *nd  Iha  oUwr  an  it*  Bat,  tm  it  would  b*  whan  Ij^ng  cm  >  toU 
Kwtrij  tT*r7  iBJtwin  tlur*  I*  >  diAarmo*. 
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how  to  bay  and  how  to  use  it."    By  a  Fellow  of  the  Meteoro-  DasoriptiT« 
logical  Society.     It  can  be  procured,  post  free,  for  six  stamps,  J^^^**  "^ 
from  any  bookseller,  and  will  be  found  to  contain  a  full  descrip- 
ttoQ  of  this  el^ant  little  instrument. 


i 


CHAPTER    XV. 

"  WEATHEHOLOOY." 

Although  of  late  years  Meteorology  aa  a  acience  baa  receivolfl 
much  attention,  the  results,  so  far  at  the  naiigalor  U  conaeme^l 
are  of  an  almost  entirely  negative  character,  and  of  littie  practicalM 
vulua  To  this  broad  assertion,  the  wind  aud  current  charts,  coia<l 
piled  from  the  logs  of  vessels  supplied  with  special  instrumental 
are  the  principal,  if  not  the  only  esception. 

The  higbeet  authorities  i:oncur  in  admitting,  tlist  even  with  tbt 
advantage  of  many  combined  simultaneous  observations  at  stations! 
some  distance  apart,  such  as  can  be  obtained  on  land  by  a  specill 
and  regularly  organized  ser\-ice,  it  b  impossible  at  present  tM 
foretell  wilk  certainly,  for  even  three  days  in  advance,  the 
character  of  the  coming  weather.     Therefore,  as  might  be  ex. 
pected,  the  results  of  the  etorm  prophecies  telegraphed  us  from 
the  other  side  of  the  Atlantic  are  far  from  satisfactory ; 
independent  of  the  vaguely  wide  area  embraced,  aud  the  impc 
bility  of  identifying  any  particular  gale  which  might  be  felt  o 
the  "  Britiiih,  French,  or  Norwegian  coasts,"  as  the  one  despatchM 
firom  American  waters,  the  recorded  statistics  of  the  past  t' 
years  show  more  fulures  than  successes     Neverthelesa,  one  c 
not  but  believe  that  as  time  goes  on  and  knowledge  increases,  o 
American  friends  may  be  enabled  with  more  certunty  to  fora 
warn  ub  of  the  unwelcome  visitors  they  are  powerless  to  restrain.^ 

■Oominenclncwith  theputjreu  (IBSaj  and  under  tlMdiractonhipafllwChuf^i^Btl 
Ofllcer  uf  tba  Unilod  BUitat  Armjr,  utire  lUp*  hkT«  bean  taken  to  wciub  tlw  eo- 
oparMiQii  of  (hipmaMen  all  OTer  the  globe  in  ft  gmnd  lohnne  of  Intenutitnul  Bianil. 
tMMoU  MeteoRilagiul  Obeomttioiu.  The  Meteorological  Conadl  at  ^■•^yj^'ti,  wka 
bavg  long  leliiond  in  tbu  SeIJ,  krv  now  ukiug  for  ipecul  obierTstiinii  in  tbe  Ifortk 
Atlnutio  Oueao.  to  gxtead  over  •  period  uf  one  jeer.  11;  tliii  it  it  hoptd  to  coaDMM 
Contioeat  Willi  tlul  Ib  Um 


the  wsfttlier  uf  tfae  Britiili  Ii:e4  Knd  the  North 


nutoal  relktiouhip.  ud  m  in  ti 


T  M  wiU  enahle  a  bettor  jailgincait  to  b*  lonned  of  ll 


(  lead  to  a  mat*  reliable  *j 
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If,  then,  concerted  action  avails  so  little,  what  chance  has  an 
isolated  individual,  such  as  the  commander  of  a  ship,  who  has 
nothing  to  guide  him  but  his  own  local  observations,  of  satisfying 
himself  as  to  the  weather  he  may  expect  for  even  a  single  coming 
day? 

Where  is  the  saUor  who  has  not  been  urged  to  prepare  for  dirty 
weather  by  the  warning  of  an  unusually  low  glass,  to  find  that  Barometrletl 
the  disturbance  has  passed  away  wide  of  his  position  ?  Let  him  paradoxii. 
not,  however,  regret  his  trouble,  but  console  himself  with  the  wise 
"saw"  that  "it  is  better  to  be  sure  than  sorry,"  and  with  the 
knowledge  that,  though  his  guide  has  now  deceived  him,  on  the 
next  occasion  its  monition  may  be  more  than  justified. 

On  the  other  hand,  he  should  bear  in  mind  the  fact,  that  stiff 
gales  sometimes  blow  with  quite  a  high  barometer.  This  is  com- 
mon enough  in  the  English  Channel  with  the  wind  at  N.R,  but  it 
also  happens  with  strong  blows  from  other  quarters.  For  example, 
though  the  writer,  on  the  last  day  of  January,  1880,  whilst  on  a 
passage  from  Philadelphia  to  Liverpool,  experienced  a  fresh  gale 
from  the  Southward,  with  a  heavy  sea ;  yet,  during  the  worst  of 
it,  the  glass  never  fell  below  3(r*20,  and  the  sun  shone  brilliantly, 
with  scarcely  a  cloud  in  the  heavens.  On  the  previous  day,  with 
moderate  wind  at  S.K  by  K,  it  ranged  as  high  as  SO'^'oO. 

Many  people  will  doubtless  remember  the  anti-cyclone  which,  instaaoe  of 
m  January  of  1882,  persistently  hung  over  the  British  Islands  JJ^^JJJJJ^ 
for  several  days,  and  excited  wonder  by  the  high  reading  of  the 
barometer,  which  reached  30"'80.  The  writer  was  then  returning 
home  from  the  United  States,  and  the  following,  taken  from  the 
log,  shews  that  the  region  of  unusual  pressure  extended  a  long 
way  to  the  westward. 

"Noon,  Tuesday,  January  17th.  Lat  4tT  40'  N.,  and  Long. 
26'  53'  W.  Wind  S.  \  W.  (true),-  moderate  breeze ;  light  clouds ; 
sun  dimly  visible  at  intervala  Barom.  30^-42,  Thermom.  in  open 
air  (shade)  54^ 

*•  Noon,  Wednesday,  January  18th.     Lat.  49"*  19'  N.,  and  Long. 

19*  52'  W.     Wmd  a  by  W.  (true),  light  to  moderate  breeza     Sun 

.shining  brightly.      Hazy  on  horizon.      Barom.  30"*70,  Thermom, 

53*. 

••At  9  p.m.  Barom.  attained  its  highest  reading,  viz. : — 30"  80. 

"Noon,  Thursday,  January  19th.  Lat  50"  46'  N.,  and  Long. 
12-  17'  W.  Wind  S.E  by  S.  *  S  (true),  Ught.  Sun  shewing 
oceadonally  through  breaka  Horizon  very  clear  and  well 
defined.    Barom.  30"75,  Thermom.  47°  in  open  air  (shade)." 
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The  point  of  both  examples  lies  in  the  high  glass  and  aotUkerly 
■wind,  which  latter,  in  the  first  one  quoted,  actually  reached  the 
force  of  a  freah  gale. 

All  this  would  appear  an  enigma  did  we  not  know,  as  will 
presently  be  exploited,  that  gales  depend  not  so  much  npon  the 
Absolute  height  of  the  gUtes,  as  upon  the  differmce  between  two 
readiiiga  at  places  some  little  distance  apart. 

If,  over  a  i^iven  area,  the  glass  be  uniformly  high,  or  tmiformlp 
lotu,  there  will  be  but  little  wind ;  but  when  the  barometric  inclina 
between  places  of  relatively  high  and  low  pressure  is  abrupt,  th« 
winds  will  be  violent 

To  the  sailor,  however,  who  is  not  behind  the  scenes,  and  can- 
not be  in  telegraphic  comuiunication  with  other  places  for  com- 
parison of  barometers,  and  lias,  moreover,  his  own  observations 
vitiated  to  a  considerable  degree  by  his  vessel's  onward  progress 
this  knowledge  is  practically  worthless. 

What  he  desires  is  to  be  enabled  to  augur  from  the  study  of 
his  own  instrument  what  is  likely  to  take  place  around  him,  and, 
unfortunately,  it  is  but  seldom  that  this  is  possible  to  any  note- 
worthy extents 

lliere  arc,  however,  certain  indications  which,  when  they  occur, 
may  be  regarded  as  prelty  reliable,  and  are  in  consequence  worthy 
of  being  logged  in  red  ink. 

For  example,  a  rising  barometer  with  a  southerly  wind  presages 
fair  weather,  whilst  a  falling  biirometer  with  a  northerly  wind 
conveys  a  warning  which  cannot  be  disregarded  with  impunity. 
To  make  this  applicable  to  either  hemisphere,  it  would  be  as  well, 
perhaps,  to  substitute  the  words  Eqnatoiial  for  Southerly,  and 
Polar  for  Northerly. 

Another  rule  of  equal  iroportance  has  reference  to  the  effect  of 
a  ship's  tack  on  the  barometer.  The  cause  will  be  evident,  as 
expliuned  hereafter ;  for  the  present  it  is  sufficient  to  atate  tlie 
fact 

In  the  Northern  hemispbere,  with  all  winds,  except  when  near 
the  equator,  the  starboard  tack  takes  a  ship  towards  a  higher 
barometer,  whilst  the  port  tack  takes  her  towards  a  lower  OD©. 
It  follows,  that  in  ei'ery  case  a  ritiiig  baroineler  on  the  port  tack  u 
a  valuable  indictition  of  imjnroting  weather,  while  on  the  »tarhoard 
tack,  a  falling  barometer  ia  a  great  warning.  This  order  is  reveraed 
in  the  Southern  hemisphere. 

The  cases  just  quoted,  with  one  or  two  minor  ones  which  will 
appear  by  and  by,  are  the  exceptions  which  prove  the  rule,  that — 


t 
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opposed  though  it  may  seem  to  older  teaching — the  barometer,  y^j^  ^^^ 

imder  most  drcumstances,  when  taken  singly  and  unsupported  by  Baromettr 

other  indioationa,  can  no  longer  be  regarded  as  an  mfallible  weather  as  an 
orade.  Instnunent  of 

Its  warnings  are  uncertain,  and,  more  often  than  not,  its  move- 
ments are  only  contemporaneous  with  the  commencement  of  the 
disturbance  they  ve  supposed  to  herald,  as  friction  in  the  tube 
and  inertia  must  first  be  overcome  before  the  altered  pressure  of 
the  air  can  put  the'  mercury  in  motion. 

Nevertheless  there  are  special  instances,  and  most  of  us  will 
remember  them,  when — other  indications  being  wanting — its  silent 
fall  has  revealed  an  impending  danger.  We  must  therefore  by  no 
means  cast  off  our  old  friend,  or  too  hastily  underrate  its  value. 

By  English  fishermen  an  echo  at  sea  is  considered  a  sign  of 
coming  easterly  wind,  and  it  is  generally  thought  that  much 
phosphorescence  of  the  water,  or  a  vivid  display  of  the  Aurora,  is 
the  prelude  to  a  southerly  gale  in  our  own  latitudes ;  whilst 
lightning  in  the  N.W.  never  fails,  in  the  North  Atlantic,  to  be 
followed  by  a  heavy  gale  from  same  quarter. 

In  making  delicate  observations,  it  should  be  known  by  all,  Barometrloal 
that  the  mercury  is  subject  (quite  apart  from  the  weather)  to  ^*^**- 
r^ular  daily  tidal  influencea  At  between  9  and  10  a.m.  and  p.m. 
it  is,  so  to  speak,  high  water.  Then  commences  the  ebb,  which 
lasts  until  between  3  and  4  A.M.  and  p.m.  respectively.  The  mean 
range  in  tropical  regions  is  about  the  tenth  of  an  inch,  but  as  the 
latitude  increases,  the  tidal  range  diminishes,  until  finally  it  almost 
vanishes  at  the  polea 

In  our  own  part  of  the  world  this  phenomenon  is  often  un- 
noticed, owing  to  its  lesser  degree,  and  its  being  frequently  masked 
by  accompanying  and  stronger  atmospheric  changea  Not  so 
nearer  the  equator,  where  the  greater  tidal  range,  the  more 
equable  character  of  the  weather,  and  the  ordinary  barometric 
finctuations  being  both  unfrequent  and  smcdl  in  amount,  render 
it  easily  apparent 

The  practical  lesson  to  be  learned  from  this  noteworthy  pecu- 
liarity is,  that  to  some  extent  changes  in  the  barometer  are  of 
increased  or  diminished  significance,  in  accordance  as  they  disagree, 
or  agree,  with  the  regular  tidal  rise  and  fall.  Thus,  if  the 
mercury  drop  steadily  between  the  hours  of  3  and  9,  when  ac- 
cording to  the  above  law  it  should  be  rising,  the  indication  is 
of  more  importance  than  if  occurring  between  9  and  3,  the  period 
of  tidal  ebb. 


I  tpMBiatloiii 


So  far  this  singular  phenouninon  of  barometric  titles  has  puzzled 
physicista,  and  though  many  hypotheses   have    beeu    advanced, 
none  of  them  seem  capable  of  affording  an  entirely  satisfactory 
solution. 
XaronicteT  It  mast  be  remembered  that  though,  as  before  observed,  eoij- 

^iaMoOm  s'derable  barometric  changes  are  unfrei^nent  near  the  equator, 
when  they  do  occur  they  are  of  proportionately  greater  signi- 
ficance. In  low  latitudes,  a  sudden  fall  of  any  magnitnde  is 
invariably  followed  by  a  hard  blow,  which,  however,  is  mostly 
of  a  transitory  character ;  txaring  out  the  familiar  adage,  "  Lons 
foretold,  long  last ;  short  notice,  soon  past." 

Now  as  to  Storms  themselves.  We  cannot  but  fee!  that  to  • 
great  extent  their  origin,  nature,  shape,  and  movements,  are  u 
yet  purely  matters  of  speculjition.  So  much  that  is  contradictory 
is  daily  appearing,  and  such  various  plausible  theories  are  beingf 
propounded,  that  it  is  most  difficult  to  arrive  at  any  safe  aod 
practical  conclusion. 

The  older  writers,  such  as  Cupper,  Piddington,  Thorn,  RedfieM, 
and  Reid,  believed  in  the  purely  circular  character  of  those 
terrible  convulsions  of  nature,  which,  according  to  location,  are 
variously  denominated  Hurricanes,  Cyclones,  or  Typhoons ;  wliile, 
on  the  other  hand,  the  bulk  of  modern  authorities  se«m  in  favour 
of  a  spirally  incurving  movement  as  the  probable  behaviour  oC 
the  wind  at  such  times.  In  the  former  case,  when  facing  the 
wind,  the  centre  of  the  storm  would  be  at  right  angles  to  its  I 
direction:   in  the  latter,  between  about  10  and  11  points  froia  I 


tor  or 


Uamitliu 
CyoloEM^ 

■nontloua 
bebftTtour. 


Mr.  Meldrmn,  Director  of  the  Qovernment  Observatory  ail 
Mauritius,  (the  very  stronghold  of  tempests),  referring  to  cyctonoa  J 
of  the  Southern  Indian  Ocean,  is  of  opinion  "  that  N.K.  and  I 
Easterly  winds  often,  if  not  always,  blow  towards  the  centre  of  I 
the  storm,  and  not  at  right  angles  to  it"  If  we  assume  this  ta  1 
be  the  case,  a  vessel  In  that  region  having  the  wind  between 
north  and  east  should  make  as  much  easting  as  possible. 

Captain  Jinman,  who  has  apparently  devoted  much  time  to 
this  subject,  is  the  author  of  a  small  book  entitled  "  Winds  aail 
their  Courses,"  in  which  bo  seeks  to  prove  that  gales  blow  in 
arcs  of  circles  intersecting  each  other  at  two  points,  which  ba 
names  "  C-ontluences," 

There  would  seem  to  be  some  truth  in  bis  iugeuiooa  theory, 
but  it  does  not  appear  to  have  found  favour  with  meteorologisbi, 
as  one  seldom  or  never  hears  it  quoted  by  scientidc  men.     Nevut- 
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theless  the  book,  from  its  originality,  is  worth  reading,  if  only 
to  open  up  a  new  train  of  thought 

Elspy  considers  that^  in  storms,  the  wind  blows  from  all  quarters  Bqnr^  theory 
alike  towards  a  common  centre,  and  attributes  this  centripetal 
motion  to  the  supposed  upward  rushing  of  the  air  in  the  vortex. 
It  is  \rell  known  that  on  the  outer  verge  of  cyclones  the  glass 
BtanHH  abnormally  high,  shewing  great  atmospheric  pressure,  Mid 
that  its  readings  are  lowest  in  the  focus  or  vortex,  where,  accord- 
ingrly,  the  pressure  is  least;  thus  favouring  the  " in-blo¥ring " 
tiieory,  as  it  seems  natural  that  the  outer  heavily  pressed  air 
flhoald  rash  into  the  ean^parative  vacuum  at  the  centre. 

This  very  feasible  idea  is,  however,  if  not  entirely  demolished, 
at  least  very  materially  weakened  by  an  atmospheric  law  dis- 
covered by  Professor  Buys  Ballot,  of  Utrecht.     It  may  be  thus  Bnyi  Ballot'i 
enunciated. —  ^^« 

The  wind  will  be  nearly  at  right  angles  to  an  imaginary  line 
joining  two  stations,  having  respectively  a  high  and  a  low  baro- 
meter. In  the  Northern  hemisphere,  the  low  barometer  will  be 
<»i  the  left^  and  the  high  barometer  on  the  right  of  the  wind's 
oonrae,  and  the  current  of  air  will  have  enhanced  velocity  in 
proportion  as  the  difference  of  the  barometer  readings  is  greater. 
Thus,  if  a  low  glass  exists  in  the  north  of  Scotland,  and  a  high 
one  in  the  south  of  England,  the  wind  will  certainly  be  westerly ; 
its  strength  depending  upon  the  steepness  of  the  barometric  gra- 
dient connecting  the  two  localitiea 

This  law,  even  for  light  winds,  is  now  established  beyond  all 
controversy,  so  far,  at  least,  as  moderately  high  latitudes  are 
concerned,  and  from  it  follows,  according  to  Strachan, — 

"  That  in  the  Northern  Temperate  Zone  the  winds  will  circulate  Dednetion 
around   an  area  of  low  atmospherical  pressure  in  the  reverse  J^Sv'^ 
direction  to  the  movement  of  the  hands  of  a  watch,  and  that  the 
air  will  flow  away  from  a  region  of  high  pressure,  and  cause  an 
apparent  circulation  of  winds  around  it  in  the  direction  of  watch 
hands." 

In  the  Southern  hemisphere,  of  course,  this  order  is  reversed. 
It  becomes  a  question,  then,  what  happens  in  the  neutral  vicinity 
of  the  equator,  where  the  two  hemispheres  meet,  and  the  laws 
pertaining  to  each  would  clash,  if  not  gradually  modified.  In 
answer  to  this,  Toynbee,  in  the  Barometer  Manual,  says  : — 

"  It  seems  probable  that,  with  your  back  to  the  wind,  the  lowest  Toynbee  on 
pressure  faces  you.  At  any  rate,  most  seamen  know  that  in  the  SlSibiSoii 
equatorial  doldrums  there  is  a  comparatively  low  barometer,  and  of  prownro. 
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that  as  they  aie  approached  the  respective  trades  draw  mon 
directly  from  North  and  South."  , 

It  seems  now  necessary  to  refer,  in  passing,  to  a  phase  of  ihi 

subject  of  immense  importance  to  the  navigator,  and  vrith  whid 

he  should  be  fully  conversant 

PBrmanent         In  various  parts  of  the  world  there  are  certain  permanent  area! 

and  low         ^^  ^g^  and  low  pressure,  which  seem  to  exercise  a  stupendonl 

preuiir*.        influence  on  the  general  atmospheric  circulation. 

The  best  known  of  these  at  present  will  be  found  marked  cm 
the  accompanying  chartlets  issued  by  the  Meteorological  Offio% 
and  it  will  be  noticed  with  interest  that  the  direction  of  tht 
winds,  as  shewn  by  the  arrows,  conforms  to  the  above  law. 

In  addition  to  the  permanent  ones,  there  are  certain  other  areaM 
which  vary  with  the  season  of  the  year.  ^ 

The  most  marked  of  these  extends  over  Central  Asia,  and^ 
appears  to  cause  the  N.R  and  S.W.  monsoons  of  India.  i 

To  return  to  storms — may  it  not  be,  that  in  the  intensified 
phenomena  known  as  cyclones,  the  direction  of  the  wind  is  cou^ 
pounded  of  the  rotatory  motion,  as  indicated  by  Ballot's  law,  an^ 
the  indraught  or  centripetal  theory  propounded  by  Espy  ?  Sudl- 
a  resultant  of  forces  would  agree  with  the  spirally  incurving  move^ 
ment  already  referred  to  as  the  probable  behaviour  of  the  wind.  | 
S^f**^*"^  More  recently,  Professor  Blasius,  of  Philadelphia,  author  d| 
Biasiui.  "Storms:  their  Nature,  Classification,  and  Laws,"  has  taken  aa' 

entirely  new  stand-point  on  this  subject.  He  traces  the  immediate 
origin  of  gales  wholly  to  conflicting  polar  and  equatorial  atmo- 
spheric currents  of  markedly  different  temperatures,  whose  field  of 
contact  he  terms  "the  plane  of  meeting,"  as  opposed  to  the  expres- 
sion "  barometric  gradient,"  in  vogue  with  other  meteorologists. 

He  confines  the  purely  circular  or  whirling  movement  of  the 
wind  strictly  to  the  violent  local  storms  known  as  "Tornadoes;" 
and  considers,  "with  regard  to •  meteorological  instruments,  that 
the  Thermometer,  measuring  a  primary  effect,  is,  with  the  Hygro- 
meter, at  least  as  important  as  the  Barometer." 

Of  much  more  moment  than  any  (and  this  view  seems  gaining 
Value  of  cloud  ground  among  our  own  scientists),  he  looks  upon  cloud  observation 
as  useful  in  affording  information  of  approaching  bad  weather. 
Upon  this  point  he  lays  great  stress,  and  supports  it  with  instances 
in  which  the  notice  thus  conveyed  was  24  hours  in  advance  of 
that  given  by  the  Barometer. 

The  classification  of  storms,  and  the  cloud  formations  supposed 
to  be  typical  of  each,  as  given  by  Blasius,  are  quoted  at  length 
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belo^w.     Without  pronouncing  absolutely  at  present,  either  for  or 
against  their  correctness,  the  writer  considers  them  well  worthy 
of  attention.*     He  must,  however,  altogether  dissent  from  this 
Taloation  of  the  Barometer,  as  compared  with  the  Thermometer 
and  Hygrometer,  amounting,  as  it  does,  to  an  almost  complete 
setting  aside  of  the  former  instrument.     By  most  observers  the  intniarity  of. 
latter  instruments  are  considered  very  inferior  as  weather  pre-  ]^I^^JSr 
dieters,  owing  to  the  impossibility  of  obtaining  the  conditions  as  weathor 
necessary  for  accurate  observation.    In  the  case  of  the  Barometer,  ^ 
these  conditions  are  either  immaterial  or  easily  allowed  for. 

Whilst  alluding  to  Nature's  own  indications  of  change,  it  seems 
an  opportune  moment  to  put  before  the  sailor  the  time-honoured  pitsroy'i 
rules  of  the  late  Admiral  Fitzroy,  which,  so  far  as  they  go,  are  "^^••* 
intrinsically  good.    They  will  well  repay  the  trouble  of  committiog 
them  to  memory,  but  it  must  not  be  forgotten  that  many  of  them 
have  only  local  significance."}" 


•  "  1. — Local  or  Vertical  Storms. 

Stationary.     Centripetal.    Produced  by  a  tendency  of  the  atmosphere  to  re- 
establish in  a  vertical  direction  an   equilibrium  that  has  been  disturbed. 
Characteristic  cloud — Cumulus. 
2. — Progressive  or  Lateral  Storms. 

Travelling.    Produced  by  a  tendency  of  the  atmosphere  to  re-establish  in  a 
lateral  direction  an  equilibrium  that  has  been  disturbed.     Ihey  are  of  two 
kinds : — 
(a) — Equatorial  or  North-East  StOrms. 

Winter  Storms.    Produced  by  a  warm  current  displacing  a  cool  one,  to  supply 
a  deficiency  towards  the  poles.     Temperature  changing  from  cool  to  warm. 
Direction  to  the  north-eastern  quadrant.    Characteristic  cloud — Stratum 
(6) — Polar  or  South-East  and  South- West  Storms. 

Summer  Storms.    Produced  by  a  cool  current  displacing  a  warm  one,  to  supply 
a  deficiency  towards  the  equator.     Temperature  changing  from  warm  to  cooL 
Direction  to  the  southern  semicircle.    Chamcteristic  cloud — Cumulo-Stratu& 
3. — Loco-Progressive  or  Diagonal  Storms. 

Travelling  locally.     Rotatory  (tornadoes,  hailstorms,  sandstorms,  waterspouts, 
&c.)    Produced  by  a  tendency  of  the  atmosphere  to  re-establish  the  equili- 
brium of  h  polar  stomtf  which  has  been  disturbed  in  the  plane  of  meeting  by 
a  peculiar  configuration  of  the  ground.    Direction,  the  diagonal  of  the  forces 
of  the  two  opposing  currents  transversely  through  the  polar  storm.     CharaO' 
Uriitic  cUmd— Com JJB," 
Note. — ^The  word  Conus  is  applied  by  Professor  Blasius  to  distinguish  the  tornado, 
dead,  which,  from  its  form  (an  inverted  cone),  he  thinks  makes  the  appellation  a  suitable 
one.    The  direction  by  compass  applies  to  the  Northern  hemisphere. 

i*  **  Whether  clear  or  cloudy — a  rosy  sky  at  sunset  presages  fine  weather  :  a  sickly, 
preenish  hue,  wind  and  rain :  tawny  or  coppery  clouds,  wind :  a  dark  (or  Indian) 
red,  rain :  *  red  sky  in  the  morning^  bad  weather,  or  much  wind  (perhaps  also  rain) : 
ft  grej  iky  in  the  morning,  fine  weather :  a  high  dawn,  wind  :  a  low  dawn,  fair 
weather.  A  '  high  dawn  *  is  when  the  first  indications  of  daylight  are  seen  above  a 
bank  of  doada.  A  '  low  dawn  *  is  when  the  day  breaks  on  or  near  the  horison,  the 
first  ftreaks  of  light  being  very  low  down. 
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Among  such  conflicting  opinions  regarding  storms,  surely  tht  ] 
sailor  is  likely  to  become  bevrildered.  In  the  writer's  experience 
the  storms  themselves  are  as  various  in  character  as  the  opinioi 
about  thenoL     He  has  seen  at  times  so  much  in  favour  of 


^  Soft-looking  or  delicate   clouds  foretell  fine   weather,  with  moderate   or 
breeses :  hard  edged  oily-looking  clonds, — ^wind.    A  dark,  gloomy  bine  sky  is 
bat  a  light,  bright  bine  sky  indicates  fine  weather.    Generally,  the  BofUr  doodi 
the  let!  wind  (bat  perhaps  more  rain)  may  be   expected;   and  the  hardei^ 
'  greasy,*  rolled,  tnfted,  or  ragged, — the  stronger  the  coming  wind  will  proTe. 
a  bright  yellow  sky  at  sanset  presages  wind  :  a  pale  yellow,  wet :  orange  or 
coloured,  wind  and  rain — and  thas  by  the  prevalence  of  red,  yellow,  green,  grey 
other  tints,  the  coming  weather  may  be  foretold  reiy  nearly — ^indeed,  if  aided 
instraments,  almost  exaotly. 

"Light,  delicate,  quiet  tints  or  colours,  with  soft,  indefinite  forms  of  cloudy 
dioate  and  accompany  fine  weather  :  but  gaudy  or  unusual  hues,  with  hard,  de 
outlined  clouds,  foretell  rain,  and  probably  strong  wind. 

"  Small  inky-looking  clouds  foretell  rain  : — light  scud  clouds,  driving  aeross  hea^ 
masses,  show  wind  and  rain  ;  but  if  alone,  may  indicate  wind  only — ^proportionate 
their  motion. 

"  High  upper  clouds  crossing  the  sun,  moon,  or  stars,  in  a  direction  different 
that  of  the  lower  clouds,  or  the  wind  then  felt  below,  foretell  a  change  of 
toward  their  direction.  Between  the  tropics,  or  in  the  regions  of  the  Trade  Wind^^ 
there  is  generally  an  upper  and  counter  current  of  air,  with  very  light  doads^  iHiiafc' 
is  not  an  indication  of  any  approaching  change.  In  middle  latitudes  such 
Currents  are  not  so  frequent  (or  evident  ?)  except  before  a  change  of  weather. 

*'  After  fine  clear  weather,  the  first  signs,  in  a  sky,  of  a  coming  change,  are 
light  streaks,  curls,  wisps,  or  mottled  patches  of  white  distant  cloud,  which  i 
and   are  followed  by   an  overcasting  of  murky  vapour  that  grows  into  cloudin< 
This  appearance,  more  or  less  oily,  or  watery,   as  wind  or  rain  will  prevail,  is 
infallible  sign. 

"  Usually  the  higher  and  more  distant  such  clouds  seem  to  be, — the  more  gradual^ 
but  general,  the  coming  change  of  weather  will  prove. 

« Misty  clouds  forming,  or  hanging  on  heights,  show  wind  and  rain  coming—if 
they  remain,  increase  or  descend.  If  they  rise  or  disperse,  the  weather  will  improve, 
or  become  fine. 

"  When  sea  birds  fly  out  early,  and  far  to  seaward,  moderate  wind  and  fair  weather 
may  be  expected.  When  they  hang  about  the  land,  or  over  it,  sometimes  flying 
inland,  strong  winds  with  stormy  weather  are  probable.  As,  besides  birds,  many 
creatures  are  affected  by  the  approach  of  rain  or  win<1,  their  indications  should  not  be 
slighted  by  an  observer  who  wishes  to  foresee  changes. 

*'  Dew  is  an  indication  of  coming  fine  weather.  Its  formation  never  heging  undar 
an  overcast  sky,  or  when  there  is  much  wind. 

"  Kemarkable  clearness  of  atmosphere,  especially  near  the  horizon  ;  distant  objects, 
such  as  hills,  unusually  visible,  or  well  defined  ;  or  raised  (by  refraction)  ;  and  what 
is  called  *  a  good  hearing  day,'  may  be  mentioned  among  signs  of  wet,  if  not  wind,  to 
be  expected  in  a  short  time.     Much  refraction  is  a  sign  of  easterly  wind. 

*'  More  than  usual  twinkling  or  apparent  size  of  the  stars  ;  indistinctness  or 
apparent  multiplication  of  the  moon*s  horns  ;  haloes ;  '  wind-dogs,' — and  the  rainbow ; 
are  more  or  less  significant  of  increasing  wind,  if  not  approaching  rain,  with  or  with- 
out wind.'* 
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strictly  circular  theory,  that  he  is  letl  to  believe  that,  in  some 
iiistances,  it  may  be  justifiable.  In  others,  anomalies  have  pre- 
sented themselves  which,  from  the  impossibility  of  reconciling 
them  with  the  law,  have  rendered  it  entirely  untenable.  There  Lawof  storms 
remains^  also,  the  general  objection  to  it,  tfiat  if  one  and  the  same  qn^taoa! 
ahr  current  were  moving  in  a  circle,  it  would  he  difficult  to  eorplain 
the  rapid  thermal  changes  which  certainly  take  place  with  the  veering 
of  the  windy  as  the  storm  passes  over  us.  If  we  could  only  know 
what  was  going  on  in  the  higher  regions  of  the  atmosphere, 
simultaneously  with  existing  surface  conditions,  out  of  apparent 
chaos  might  come  some  sort  of  order ;  this  however,  is  a  difficulty 
which  seems  insaperable. 

The  writer  is  disposed  to  think  that  each  kind  of  storm  is 
governed  by  laws  only  applicable  to  itself,  and  it  is  possible  that 
some  of  them  may  be  of  one  type  at  their  commencement,  and 
develop  into  another  before  the  finish,  or  even  be  of  a  compound 
character  throughout  It  is  known  beyond  cavil  that  land  even 
€ji  moderate  height  has  not  only  a  marked  tendency  to  divert 
storms  from  their  course,  but  also  to  change  their  very  form. 

Again,  one  or  more  secondary  disturbances  sometimes  hang  about 
on  the  skirts  of  the  larger  ones :  these  may  come  into  collision, 
and  confusion  reign  supreme  until  the  one  will  have  merged  into 
the  other,  the  less  being  absorbed  by  the  greater. 

All  this  would  point  to  great  complexity  not  easily  unravelled 
by  the  sailor,  so  completely  cut  off  as  he  is  from  all  outside  help. 
In  the  case  of  actual  cyclones,  whether  they  be  of  a  spiral,  oval, 
or  strictly  circular  kind,  some  of  the  old  rules  laid  down  for  the 
guidance  of  seamen  will,  in  the  absence  of  better  ones,  still  apply. 
It  is  just  as  well,  therefore,  to  remember  them. 

Heaye-to  on  the  starboard  tack  in  the  Right-hand  semicircle,  how  to 
and  port-tack  in  the  Left-hand  semicircle,  in  both  hemispherea       SJSmS^  ^ 

Cabbt-on  on  starboard  tack  in  Northern,  and  port-tack  in 
Southern  hemisphere. 

ScOD  when  on  line  of  progression  in  either  hemisphere ;  or  in 
Left-hand  semicircle  in  Northern,  or  Right-hand  semicircle  in 
Southern  hemisphere. 

It  will  of  course  be  understood  that,  looking  towards  the 
direction  in  which  the  body  of  the  storm  is  moving,  the  Right 
and  Left-hand  semicircles  lie  respectively  on  the  right  and  left^ 
hand  of  the  axis  line. 

In  his  intercourse  with  brother  seamen,  the  writer  has  often 
heard  it  contended  that  the  rule  saying  that  if  the  wind  veers  to 


the  right,  the  observer  is  in  the  Right-hand  semicirde,  and  vie* 
t'ersd,  is  not  to  be  depended  on,  as  in  their  experience  they  had 
sometimes  found  the  very  opposite  to  be  the  case,  which,  of  course, 
shook  their  faith  on  other  points  aa  well.  The  rale,  however,  is 
perfectly  sound,  biU  it  U  0»i/.i/  intended  to  be  uted  by  a  vatel  that 
ie  etafionary. 

If  the  reatler  will  imagine  his  ship  to  be  over-running  a  dow 
moving  circular  storm,  which  is  travelling  on  the  same  course  aa 
pffwlWHiy  «  f^i^nself,  he  cannot  fail  to  see,  with  the  aid  of  Piddington's  Horn 
iMinK  mialML  Card,  or  a  tracing-paper  substitute  for  it,  that  when  passing 
through  either  semicircle,  the  wind  will  veer  the  contrary  way  to 
the  rule,  as  it  is  usually  interpreted. 

On  first  falhng  in  with  a  supposed  cyclone,  a  fair  surmise  may 
be  made  as  to  the  direction  in  which  it  is  moving,  sinm  it  is 
known  that  these  disturbances  favour  a  partictilar  course  in  cAch 
locality,  which  course  is  now  pretty  well  mapped  out  for  the 
various  parts  of  the  world ;  nevi^rtheless,  under  all  circumstances 
(and  bearing  in  mind  the  Uability  to  mistake  referred  to  above, 
and  the  possibility  of  unexpected  re-curvature),  it  will  be  prudent 
to  heavc-to  until  the  ship's  position  with  respect  to  its  path  ia 
°  well  ascertained.  'In  cyclones  of  both  hemispheres,  the  vie^  wind 
on  their  equatorial  sides  is  easily  dealt  with,  for  they  seldom  move 
on  a  track  towards  the  equator ;  so  the  ship  may  take  that  route 
until  the  barometer  rises,  and  the  weather  improii-es.'* 

Kemember,  whatever  mai/  be  said  to  the  contrary,  that  from  Ui« 

•-  varying  area  of  storms,  and  the  difference  of  barometric  gradients 

which  must  therefore  exist  between  their  centres  and  outer  edges, 

it  u  31M/6  impossible  to  eMimate  the  distance  of  the  votiex  by  the 

/teight  of  the  mercury. 

Further,  reference  to  the  storm  diagrams  in  the  Englbh  daily 
papers  will  show  that  the  gradients  are  not  uniform  on  all  sides  of 
an  area  of  depression,  and  that  the  lattir  is  not  necessarily  ciradar 
in  shape.  In  some  parts  the  lines  of  equal  pressure  (Isohars)  run 
together  much  closer  than  at  others,  and  this  is  probably  the  ca.ie 
with  tropical  cyclones  alsa 

This  much,  however,  is  certain — if  the  barometer  rise  while  tbo 
wind  diminishes,  the  meteor  is  passing  away^  but  if  it  continue  to 
fall,  and  the  n'ind  and  sea  to  increase,  tlie  meteor  is  approaching, 
or  the  depression  is  deepening  and  spreading.     "  He  who  watchea 


path  of  storm 
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Us  barometer,  watches  his  ship/'  is  therefore  more  than  usually 
applicable. 

Having  ascertained,  beyond  doubt,  which  semicircle  you  are  in, 
wmt  no  longer,  but  carry  on  sail  on  the  starboard  tack  if  in  the  nudconwiiioii 
Northern  hemisphere,  or  port  tack  if  in  the  Southern  hemisphere;  SdMiL^  ^^"^ 
and  when  unable  to  do  so  through  loss  of  spars  or  canvas,  heave- 
to  on  the  starboard  tack  if  in  the  Right-hand  semicircle,  or  the 
port  tack  if  in  the  Left-hand  semicircle.  By  so  doing,  instead  of 
being  continually  headed  off  as  the  wind  veers,  you  will  come  up 
and  bow  the  sea. 

Again,  whilst  first  hove-to  waiting  for  things  to  develop  them- 
selves, should  the  barometer  fall  rapidly,  and  the  indications  of  an 
approaching  hurricane  become  stronger,  whilst  the  wind  continues 
to  blow  steadily,  but  with  increasing  violence,  from  the  same 
point,  or  nearly  so,  you  will  know  that  your  vessel  is  directly  in 
the  path  of  the  advancing  storm.  Then,  to  escape  being  involved  J^j?*^ 
in  the  centre  and  most  dangerous  part,  up  helm  and  scud  before 
the  wind,  keeping  it,  at  all  hazards,  a  couple  of  points  or  three  on 
ike  starboard  quarter  in  the  Northern  hemisphere,  or  on  the  port 
qiaarier  in  the  Southern  hemisphere 

This  chapter  would  manifestly  be  incomplete  without  some 

reference  to  the  Moon  as  a  factor  in  meteorological  matters.     It  ??"*?*' 
«  ^  delnBion 

18  pretty  generally  believed  by  sailors,  and  farmers,  that  it  oozicerning 
cxerdses  some  sort  of  mysterious  influence  at  the  Full,  Change,  JJSSnaoe 
and  Quarters,  and  is  in  fact  prime  agent  in  everything  that  con-  weatiMr. 
eems  the  weather.      Patient  and  laborious  research,  extending 
back  over  half  a  century,  has  completely  failed  to  establish  such 
connection.     ''As  an  attracting  body  causing  an  aerial  tide,  it  has 
of  course  an  effect,  but  one  utterly  insignificant  as  a  mereorological 
causa"*   It  is,  however,  pretty  generally  admitted  that  the  moon, 
when  near  the  full,  has  a  tendency  to  clear  the  sky  of  clouds,  or, 
as  the  sailor  phrases  it,  to  "skoff"  them  up. 

We  are  all  involuntarily  much  more  strongly  impressed  by  the 
fulfilment  than  by  the  failure  of  our  expectations :  so  it  is  that 
the  sailor  seizes  upon  an  occasional  coincidence  of  this  sort,  and 
points  triumphantly  to  it  as  a  proof  of  the  correctness  of  his 
theory,  whilst  he  omits  to  record  the  many  instances  in  which  the 
weather  provokingly  failed  to  behave  in  the  manner  he  anticipated. 
To  all  but  hypercritical  folk  of  the  type  of  Herschel  or  Arago 
the  evidence  that  connects  the  Moon  with  weather  changes  is 
irresistible :  old  Jobeon  the  carrier  finds  no  difficulty  about  it  at 

*  Sir  John  F.  W.  Henchel,  Bart.     Good  Wordt,  1864. 
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all,  nor  do  any  of  hia  cronies.  Their  ancient  system  may  be 
floutei.)  by  the  learned,  but  they  have  faith  in  it,  for  has  it  not 
been  handed  down  from  generation  to  generation  ?  It  is  quite 
plain,  as  the  company  at  "  The  Jolly  Traveller  "  have  remarked 
over  and  over  again,  that  when  the  crescent  moon  is  on  her  back 
it  is  going  to  be  dry,  but  that  when  the  hollow  part  is  downwards, 
it  will  rain.  "  Plain  as  turning  up  this  here  pot,"  ssys  old  Jobson, 
who  has  just  finished  his  pint,  and  lets  the  tew  last  drops  fall  to 
the  ground. 

The  stars,  too,  speak  with  no  uncertain  voice  to  this  class  of 
weather  prophet ;  if  they  aro  clear  it  is  a  sign  of  rain ;  if  they 
are  "  misty  "  it  will  be  wet ;  if  they  are  clouded  the  rain  ia  pretty 
sure  to  como  before  long.  And  curiously  enough,  down  cornea 
the  rain,  often  in  lesa  than  a  week.  Who  has  not  met  the  man 
with  a  particuliir  corn  which  is  barometer  and  thermometer  in 
one,  or  a  faithful  knee-joint  which  has  twinges  whenever  the 
forces  of  the  air  gather  themselves  for  storms  ? 

Some  rustic  weather  prophets  are  very  amusing:  ask  oo« 
whether  it  will  bo  a  fine  day  to-morrow,  and  he  will  look  in  his 
mug,  slowly  shake  his  liquor  round,  take  his  pipe  from  hia  mouth, 
and  say  oracularly,  "Weather  isn't  what  it  used  to  bo."  By 
pres-sure  you  get  a  promise  of  a  fine  day,  "  if  the  wind  don't  drop," 
accompanied  by  another  saving  dau.se  that  "  he  don't  half  like 
them  yaller  clouds."  He,  and  two  or  three  other  old  fellows,  who 
have  been  shepherds,  or  have  been  to  sea.  bear  the  bunlen  of  the 
public  weather  upon  their  shoulders,  for  tbey  are  consulted  by 
almost  everyone  they  meet  aji  to  "  what  they  think  of  it  to-day," 
and,  having  reputations  to  uphold,  must  be  oftentimes  much  dis* 
concerted  by  the  unstable  conduct  of  the  eletiieuts.  But  yoat 
weatjur  prophet  generally,  like  the  oracle-worker  of  old,  under- 
Btao^Hie  protective  possibilities  of  language,  and  avails  himself 

When  tone  considers  that  the  Uoon  quarters  weekly,  it  would 
indeed  be  curious  if  a  change  of  some  kind  or  another  did  not 
'  occur  wvUuLa  day  or  so  (either  way)  of  that  event  And  as,  in 
this  variaB^cliuate,  "  spells  "  of  weather  seldom  last  more  Uinn 
four  or  five  days,  it  does  iiot  require  a  very  lively  imagination  to 
connect  them  with  the  constantly  recurring  phases  of  the  moon. 
He  must  therefoie  be  an  ill-informed,  obstinate,  or  very  crdulous 
fellow  who,  in  the  face  of  the  positive  dictum  of  science,  continues 
to  pin  hia  faith  to  the  played  out  fallacies  and  charlatanism  of 
the  old  style  almanacks. 
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In  reviewing  the  entire  subject,  it  will  be  seen  that  nothing  but 
the  hope  of  better  things  in  the  future  can  save  the  sailor  being 
disheartened  with  such  little  practical  result  after  so  many  years 
of  investigation.  He  has,  however,  always  been  famed  for  the 
faculty  (possessed  by  so  few)  of  doing  the  best  with  but  indifferent 
means ;  and  it  still  remains  for  him  to  go  to  sea  almost  entirely 
dependent  on  his  ovm  watchfulness  and  judgment 
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CHAPTER    XVL 

TIDES,  CURRENTS,  WAVES,  AND  BREAKERa 

To  enter  into  a  disquisition  on  the  complete  theory  of  the  tides^ 

would  in  these  pages  be  both  unprofitable  and  impracticable ;  for 

apart  from  its  extent  and  intricate  character,  as  well  as  the  inti- 

Botaitog«tiLr  ^^^  knowledge  required   of  higher   mathematics^  "  there  are 

■atiifictory.    perhaps  few  physical  subjects  which  are  still  at  the  present  time 

on  the  whole  more  unsatisfactory."* 

Any  seaman,  therefore,  who  is  desirous  of  making  a  ipedal 
study  of  the  tidal  theor}',  must  refer  to  the  various  works  by 
distinguished  men  in  which  this  comprehensive  subject  is  treated 
ot  great  length.  These  will  be  found  mentioned  in  the  Admiralijf 
Manual,  in  the  section  devoted  to  Tides. 

The  article  containing  the  latest  and  most  complete  information 
is  probably  that  by  Sir  George  Airy  (late  Astronomer-Royal),  in 
the  Encydopoedia  Metropolitana,  and  another  by  Mr.  0.  H.  Dar- 
win, in  the  Proceedings  of  the  Royal  Society. 

But  it  is  here  proposed,  after  giving  a  brief  sketch  of  the 
general  laws  and  features,  to  draw  the  seaman's  attention  to  cer* 
tain  points  which  will  have  a,  practical  interest  for  Lim,  inasmuch 
as,  upon  an  understanding  of  some  of  them  at  least,  the  safe  navi- 
gation of  bis  ship  will  depend. 

To  a  right  appreciation  of  the  subject  one  must  b^n  at  the 
beginning,  and,  therefore,  a  few  words  about  the  properties  of 
water,  and  the  nature  and  ori^  of  waves,  are  indispensable  to 
lead  ofi*  with. 

There  are  four  descriptions  of  sea  waves,  namely,  ''Wind  waves," 
•*  Storm  waves,"  "  Earthquake  waves,"  and  "  Tidid  wavea." 


*  Admiraitjf  Manual  of  Scunt\/ic  Enquiry,  pag«  79. 
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Though  it  has  been  proved  that  water  is  capable  of  being  com-  PropertiM  of 
pressed,  it  is  the  case  to  such  a  very  limited  extent,  that  for  our  ^*^^* 
present  purpose  the  property  may  be  disregarded     A  forced  dis- 
placement, therefore,  at  one  point  of  a  liquid  surface,  is  always 
exactly  counterbalanced  by  a  corresponding  rise  at  another.     Con- 
versely, a  rise  at  any  place  can  only  be  effected  by  a  proportionate 
withdrawal  of  water  elsewhere.     This  being  understood,  it  is  not 
difficult  to  see  that  the  first-named  kind  of  wave  is  produced  by 
a  purely  mechamical  action.      The  wind  does  not  blow  exactly  ^"^^n*  w»vm. 
parallel  to  the  surface,  but  strikes  downward,  and  causes  a  depres- 
sion at  the  point  of  impact,  which  is  instantly  answered  by  an 
equal  elevation  elsewhere.      This  elevation  or  wave  —  slight  at 
first — ^must  necessarily  have  the  same  height  above  the  general 
searlevel  or  plane  of  repose  that  the  depression  or  trough  had 
hdcw  it. 

As  the  wind  increases  in  strength  and  duration,  these  undula- 
tions of  the  water  grow  larger,  and  eventually  form  immense 
billows,  which  have  been  recorded  as  sixty  feet  in  height  from 
trough  to  crest 

W.  H.  White,  in  his  Manual  of  Naval  Architecture,  says : — "  If  Formatioii  of 
the  wind  is  at  first  supposed  to  act  on  a  smooth  sea,  and  then  to  ^^*  ▼»▼•«. 
continue  to  blow  with  steady  force  and  in  one  direction,  it  will 
create  waves  which  finally  will  attain  certain  definite  dimensioua 
The  phases  of  change  from  the  smooth  sea  to  the  fully  formed 
waves  cannot  be  distinctly  traced  It  is,  however,  probable  that 
changes  of  level,  elevations  and  depressions,  resulting  from  the 
impact  of  the  wind  on  the  smooth  surface  of  the  sea,  and  the 
frictional  resistance  of  the  wind  on  the  water,  are  the  chief  causes 
of  the  growth  of  wavea 

"An  elevation  and  its  corresponding  depression  once  formed 
offer  direct  resistance  to  the  action  of  the  wind,  and  its  unbalanced 
pressure  producing  motion  in  the  heaped-up  water  would  ulti- 
mately lead  to  the  creation  of  larger  and  larger  wavea  This  is 
probably  the  chief  cause  of  wave  growth,  frictional  resistance 
pUying  a  very  subordinate  part  as  compared  with  it  So  long  as 
the  speed  of  the  wind  relatively  to  that  of  the  wave  water  is 
capable  of  accelerating  its  motion,  so  long  may  we  expect  the 
speed  of  the  wave  to  increase ;  and  with  the  speed  the  length,  and 
also  the  height 

"  Finally  the  waves  reach  such  a  speed  that  the  wind  force  pro- 
duces no  further  acceleration,  and  only  just  maintains  the  foim 
unchanged ;  then  we  have  the  fully  gruwn  waves.      If  the  wind 
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were  now  suddenly  withdrawn,  the  waves  would  gradually  de- 
e  in  magnitude,  and  finally  die  out.  This  degradation  results 
from  the  resistance  due  to  the  molecular  forces  in  the  wave — 
viscosity  of  the  water,  &c. — and  when  the  waves  are  fully  grown, 
the  wind  moat  at  every  iust«at  balance  tlio  molecular  forees. 

"If  the  water  wore  a  perfect  fluid  (the  paiticlos  moring  freely 
past  one  another),  and  if  there  were  no  reaiatnnce  to  motion  on 
the  part  of  the  air,  the  waves  once  formed  would  travel  onwards 
without  degradation." 
Beigbtof  The   height  of   wind-waves  depends  on    whut  is  called   the 

dinendflon     "Fetch;"  that  is,  the  distance  from  the  weather  shore  or  place 

k'FovdL"  where  their  formation  commences.  According  to  Mr.  Thomas 
Stevenson  (author  of  Llijhthoutf  Illvm'matioit),  the  following  for- 
mula is  nearly  ci.>rreet  daring  heavy  gales,  when  the  fetch  is  not 
less  than  about  six  nautical  miles: — height  of  wave  iii  feet  is  equal 
to  15  X  by  the  square  root  of  the  fetch  in  nautical  miles.  As  ati 
example,  let  us  su|^^>ose  that  during  a  violent  gale  the  wave  forma- 
tion commenced  at  a  distance  of  625  miles  from  the  observer: — 
The  square  root  of  025  is  25,  which,  multiplied  by  15,  gives  37J 
feet  as  the  height  of  the  waves  at  the  end  of  their  long  journey. 
ocMiioua  Every  sailor  has  noticed   the  occasional  grouping  together  of 

KToapi  or       three  or  four  huge  waves  larger  than  the  general  run.     Theao  oni 
during  gaiB*.  probably  caused  by  the  exceptional  force  of  the  eqwillu  which 

[occur  at  intervals  in  nearly  every  gale  of  wind.  From  the  in- 
equality in  their  respective  speeds,  it  follows  that  any  parlicuUr 
eet  of  large  waves  will  not  reach  the  vessel  side  by  side  with  ttu) 
wind  which  produced  them.  Such  a  thing  would  be  very  unlikely 
— one  might  almost  say  impossible;  so  that  these  big  fellows, 
deriving  their  energy  only  in  part  from  the  blast  sweeping  over 
them  at  any  given  instant,  come  rolling  along,  as  often  as  DOt^ 
during  a  lull  in  the  violence  of  the  guh\ 
want.  "Storm  waves"  are  due  to  an  entirely  different  source  On 
the  outer  or  antifi/cl<me  edgs  of  hurricanes  the  barometer  stsnda 
abnonnally  high,  indicative  of  great  atmospheric  pressure;  whilxt 
at  the  centre  or  vortex  the  mercury  falls  unusually  low;  and, 
accordingly,  Mor  the  pressure  is  least.  Betwi-en  the  contro  sod 
outer  odge  a  difference  of  five  inches  in  the  height  of  the  mercury 
lias  been  recorded ;  e<iual  to  a  difference  of  pressure  of  354  ponntk 
on  the  square  foot  of  surface  at  these  two  places  It  will  readily 
be  seen  that  the  effect  of  this  encircling  belt  of  high  pressure,  and 
internal  area  of  low  pressure,  eoTipled  with  the  incurving  ot  tiio 
wind,  is  to  produce  a  heaping  ui>  of  the  water  under  the  body  of 
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the  cyclone,  whose  highest  point  is  necessarily  at  the  centre, 
where  it  is,  so  to  specik,  sucked  up. 

As  the  hurricane  travels  bodily  onward,  this  "  storm  wave  " — 
which,  according  to  the  shape  of  the  disturbance,  may  be  likened 
to  an  oval  dish  or  a  soup  plate,  bottom  up — accompanies  it ;  and 
has  been  known  more  than  once  to  inundate  low-lying  districts, 
and  cause  thousands  of  human  beings  to  perish  at  one  sweep. 

•*  Earthquake,"  or  "  Great  Sea  Waves,"  as  they  are  technically  EartiiaiiAke 
styled,  differ  entirely  in  their  origin   from  the  two  preceding.  SuowiiTei. 
They  are  frequently  spoken  of  as  ''Tidal  Waves;'*  but  as  the 
tides  have  nothing  whatever  to  do  with  them,  such  a  designation 
is  obviously  wrong. 

The  term  "Great  Sea  Wave"  is  used  in  contradistinction  to 
**  Great  Elarth  Wave,"  which  latter  is  the  name  given  to  the  dis- 
turbance experienced  on  land. 

An  earthquake  may  have  its  centre  of  impulse  either  inland  or 
under  the  bed  of  the  ocean.  In  the  first  case,  when  the  "  Great 
Earth  Wave,"  or  superficial  undulation,  coming  from  inland, 
reaches  the  shores  of  the  sea  (unless  these  be  precipitous,  with 
deep  water)  it  may  lift  the  water  up,  and  carry  it  out  on  its 
back,  as  it  were ;  for  the  rate  of  transit  of  the  shock  is  sometimes 
so  great  that  the  heap  of  water  lifted  up  has  not  time  to  flow 
away  towards  the  sides. 

At  Arica,  in  Peru,  and  other  places,  this  sudden  going  out  of 
the  sea  has  made  bare  the  bottom  of  the  bay,  and  left  ships 
aground  which  only  a  few  minutes  before  were  riding  quietly  at 
anchor  in  several  fathoms  of  water. 

As  soon  as  the  shock  is  over,  the  body  of  water  thus  forced  out 
to  sea  returns  as  a  huge  wave,  and,  on  approaching  a  sloping 
shore,  rears  up  like  a  wall,  and  breaks  with  overwhelming  force. 
Sometimes,  however,  its  volume,  height,  and  velocity  are  so  great 
Uiat  it  comes  ashore  bodily,  and  breaks  far  inland,  causing  even 
greater  destruction  to  life  and  property. 

When  the  seat  of  disturbance  is  beneath  the  ocean,  the  "  Great 
Sea  Wave  **  rushes  in  upon  the  land  as  before — with  this  difference, 
that  it  is  not  preceded  by  the  water  retiring  from  the  foreshore, 
as  in  the  first  case. 

These   submarine  shocks  are  sometimes   so  severe,   that  the  Onrlovi  eflioot 
sensation  has  been  conveyed  to  those  afloat  as  if  the  ship  were  ^JlS!^**^*^ 
violently  bumping  over  a  sunken  reef.     In  one  instance  which 
came  under  the  writer's  observation,  the  inkstand  on  the  captain's 
table  of  one  of  the  Pacific  Company's  coast  steamers  was  jerked 
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Upwards  against  the  ceiling,  where  it  left  an  uiimistakeab'e  record 
of  the  occuiTence ;  and  yet  this  vessel  at  the  time  was  steaming 
along  in  smooth  water,  many  hundreds  of  fathoms  deep.  The 
concussions  were  so  smart  that  passengers  were  shaken  off  their 
seats,  and,  of  course,  thought  that  the  vessel  had  run  ashore  When 
the  non-elastic  nature  of  water  is  considered,  there  will  be  no  diflS- 
cnJty  in  understanding  how  such  an  effect  could  be  produced. 
TM.  Lastly,  we  come  to  the  purely  vertical  oscillations  of  water, 
known  as  "  Tidal  Waves." 

The  distinctive  difference  between  these  and  "  Wind  Waves  " 
lies  in  the  fact  that  the    last-mentioned  are  only  surface  dis- 
turbances, which,  however  violent  the  gale,  reach  at  no  time  to  a 
greater  depth  than  50  fathoms,  and  are  virtually  only  local  and 
temporary  in  their  action.     Whereas  "Tide  Waves"  are  the  result 
of  an  outside  altraiiifm,  which  conthitiouslt/  affects  the  whoU  ma$$ 
of  water  on  thu  earth's  eurface- 
i«d        The  Ti<ies  are  popularly  attributed  to  the  Moon  iWy,  but  in 
5  ^  point  of  fact  they  are  caused  by  the  joint  attraction  of  both  Sun 
■nnftodniMD.  and  Moon ;  and  it  is  due   to  this  double  inSuence,  which  some- 
times pulls  in  the  same  and  at  other  times  in  a  contrary  direction, 
I  that  we  have  the  ever-varying  phases  in  the  times  and  heights  of 

H  Iligli  *nd  Low  Water. 

P  The  general  motion  of  the  Tides  consists  in  an  alternate  vertical 

Rise  and  Fall,  and  hoi-i:oiUal  Flow  and  Ebb,  occupying  an  average 

Dnnuu  er  a  period  of  half  s  Lunar  day,  or  about  12  hours  25  minutes.     This 

*"*■  vertical  movement  is  transmitted  from  place  to  place  in  the  seaa, 

ktike  an  ever- recurring  series  of  very  long  and  swift  waves. 
"  Tide  waves "  occur  ^multaneously  at  points  of  the  earth's 
surface  diametrically  opposite  to  each  other,  and  are  termed 
*  Superior  or  Inferior,  according  as  they  are  formed  on  the  side 
next  the  Moon,  or  on  the  one  oppastte.  It  will  be  understood, 
therefore,  that  there  are  two  tide  waves  at  a  fixed  distance  apart 
of  ISO",  measured  both  in  latitude  and  longituile,  and  that  they 
are  constantly  travt-lling  round  the  earth  from  East  to  West 

Since,  as  already  explained,  water  may  be  regarded  as  practically 
devoid  of  elasticity,  and  cannot  be  raised  at  any  point  without 
being  proportionately  lowered  at  some  other,  it  follows  that, 
midway  between  each  of  these  waves  of  High  Water,  there  arw 
depressions  of  the  surface  corresponding  to  what  wo  term  Low 
Water.  This  is  shewn  in  Dia/pxuni  A'os.  1  and  2,  where,  how- 
ever,  for  convenience  as  nmch  as  from  oece«sity.  the  matter  of 
scale  is  entirely  disreg*rdciL 
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S  is  the  Superior  High  Water,  I  the  Inferior.  L  and  L' 
represent  Low  Water.  As  may  be  supposed,  the  Inferior  Tide 
Wave  is  a  shade  smaller  than  the  other. 

-At  the  period  of  ''Change"  or  New  Moon,  when  it  and  the  Sun  ",^1*5* 
are  in  Conjunction,  that  is  to  say,  when  they  are  on  the  same  side 
of  ihe  earth,  as  shewn  in  Diagram  No.  1, — and  at  the  period  of 
Full  Moon,  when  they  are  said  to  be  in  Opposition,  that  is,  with 
the  earth  between  them,  as  shewn  in  Diagram  No.  2, — the  greatest 
tidal  ciroct  is  produced,  as  at  such  times  the  solar  and  lunar  in- 
fluences are  exerted  in  the  same  straight  line.*    This  is  the  period 


*Oiir  satellite,  the  moon,  ii  »  diurk  globular  body,  2,159  miles  in  diamiiter,  which 
lilies  solely  by  reflected  light  received  from  the  sun  ;  consequently,  at  the  period 
termed  "  new  moon/*  when  the  son  and  moon  pass  the  meridian  together  at  mid-day, 
the  moon  is  invisible  to  as,  as  at  such  times  she  occupies  a  position  in  the  heavens 
directly  between  the  earth  and  the  son,  and  accordingly  presents  to  as  her  anen- 
hghteaed  face  ;  which  is  still  farther  hidden  by  the  dazzling  brightness  of  that  particular 
pert  of  the  sky  (vide  Diagram  No.  1). 

Bat  when  the  moon  is  at  the  ''fuU,"  she  passes  the  meridian  at  midnight,  or 
12  hoars  after  the  san,  which  latter,  being  then  on  the  opposite  side  of  the  earth, 
iiimmiMs  the  whole  of  that  hemisphere  of  the  moon  which  is  next  to  os  (vide  Diagram 
No.  2). 

It  is  obvioos  that,  in  the  intermediate  stages,  a  greater  or  less  amount  of  the 
moon's  iUnmined  face  must  be  visible  to  us. 

A  day  or  so  after  new  moon,  when  its  bright  portion  is  crescent^haped,  it  is 
not  anasaal  in  clear  weather  to  see  the  remainder  or  obscure  part  also.  At 
such  times  the  brightly  illuminated  cusps  or  horns  seem  to  extend  beyond  the 
darker  portion  of  the  disc^  and  hold  it  in  their  grasp.  This  condition  is  commonly 
alluded  to  as  "  the  old  moon  with  the  young  in  its  arms,**  or  "  the  moon  on  its  back.*' 
The  phenomenon  of  the  bright  part  of  the  moon  appearing  to  encircle  the  remainder 
is  due  to  an  optical  illusion  termed  ^  Irradiation,**  in  virtue  of  which,  white  objects, 
or  those  of  a  very  brilliant  colour,  when  seen  on  a  dark  ground,  look  larger  than  they 
really  are.  The  new  moon  appearing  after  this  fashion,  is  asserted  by  some  to  be  the 
9tat  forerunner  of  bad  weather.  A  statement  so  positive  in  chsuracter  should  have 
something  to  support  it,  but,  unfortunately  for  those  who  make  it,  it  is  not  at  all 
justified  by  the  known  facts.  For  example,  in  many  favoured  parts  of  the  world  the 
eonditiofi  of  the  atmosphere  is  mostly  always  propitious  to  seeing  the  young  moon  in 
the  arms  of  the  old ;  and  accordingly,  in  such  localities,  it  possesses  no  particular 
agnification.  On  the  other  hand,  in  countries  given  to  a  chronic  state  of  mist  and 
hsae,  the  phenomenon,  from  its  rareness,  attracts  more  attention,  and  indicates  an 
mmmimal  eleamess  in  the  air,  which,  according  as  it  is  backed  up  by  other  signs,  may  or 
may  not  heraM  the  approach  of  rain  or  wind.  From  the  roving  nature  of  his  calling, 
the  saflor,  more  than  other  men,  should  be  on  his  guard  against  the  general  application 
of  what  are  only  intended  as  local  weather  signs.  That  which  denotes  one  kind  of 
weather  in  one  place  may  signify  something  totally  di£Ferent  in  another  ;  much  in  the 
same  way  that  in  the  northern  hemisphere  the  barometer  rises  for  northerly  winds, 
but  falls  for  the  same  wind  in  the  southern  hemisphere.  These  remarks  apply  also  to 
9ume  of  Admiral  Fitcroy's  weather  sign^,  given  on  pages  171  and  17''*      Now,  as  the 
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i  ■jriaj  tide*,   of  "  Springs ;"  and  slioulil  it  occur  when  both  luminaries  bappen 

to  be  at  their  nearest  approach  to  tbc  earth,  the  effect  is  eDliancetl. 

and  the  term  "Extraordinary  Springs  "  is  then  applied  to  the  tides. 

In  the  same  manner,  the  high  tides  which  occur  about  the  latter 

eiid  of  March  and  Seplemhcr  are  known  as  "  Equinoctial  Springa," 

Datwn  Uo»  of      With  the  exception  of  Liverpool,  Milford,  and  Holyhead,  and.] 

tymtr.^""  perhaps  one  or   two  other  ports,  the  soundings  on   Admiraltj^ 

ctartfc  charts  and  plans  are  all  reduced  to  mean  low  water  of  Ordinary 

Spmiffg. 

But  when  the  moon  is  in  quadrature,  or  90°  distant  from  th« 
sun — that  is  to  say,  when  one  passes  the  meridian  sLt:  hours  ab> 
of  the  other — their  actions  neutralize  each  other  to  a  large  extent^, 
by  tlie  tendency  to  produce  four  independent  waves  :  two  undof-^ 
the  sun,  of  course  on  opposite  sides  of  the  earth,  and  two  sii 
larly  situated  under  the  moon.  In  this  case  the  action  of  (he  sun 
lowers  the  waters  of  the  sea  at  the  same  point  wliere  the  moon 
would  raise  ihem,  and  conversely.  Each  pulls  in  a  different 
direction  to  the  other,  and  thus  the  tides  at  such  times  arc  less  in 
I  itovUdH.     every  way,  and  get  tho  name  of  "Neaps." 

It  must  not  be  understood,  however,  that  two  separate  or  dis- 
tinct tide  waves  are  then  really  traversing  the  ocean  in  each 
homis|>here.  Such  is  not  the  case.  The  actual  effect  is  llie  same 
as  if,  after  the  moon  liail  given  a  form  to  the  waters,  the  sun  had 
modiiie<l  it,  both  as  to  size  and  position ;  so  that  the  place  at 
which  the  resultant  high  water  really  occurs  is  at  a  point  inter- 
mediate tiO  them  both,  but  nearer  to  the  lunar  wave,  since  it  ia 
the  greater  of  the  two. 


mwin  it  onl;  (njipoaed  to  b«  reuilo  r«J  viaible  to  ui  bj  tba  ligb(  refl'  cited  froai  th* 
pr««Dt«]  to  tita  ■DO,  it  mitj  Dut  DonuoDKUy  be  ukinl  why  it  U  tlut,  m  juat  nb- 
■ervnl,  wa  Kinictiniei  ice  the  obniura  u  well  aa  the  brighter  pottit-s.  Thk  it  aanlj 
liDdFnrtixxt,  hiivever,  by  rtcollActing  tbkt  when  lb«  mo-iD  U  one  or  two  dmy*  old,  tba 
nlativa  jxintionii  of  the  earth,  Ibe  moon,  >ii<l  the  ma,  kre  luch  u  permit  Uu  lutb  la 
reflect  the  iuDli)(ht  bull  to  tbe  moon  in  nOicicat  qauility  tn  fkiiitly  illumiiw  lliat 
bcmii|ibere  which  ii  Deit  to  oarMlvee.      In  tut  we  gitv  it  £arl\-liilht. 

It  ie  ubTiatu  thkt,  to  an  inbalnluit  oT  the  moon  (if  nuih  there  oonld  be),  oor  a»rtfa 
miut  apiwar  *•  n  tpleuilid  luoun,  ihiiuDg  with  light  borrowed  from  the  nm,  h4  )>«• 
WDtinit  ail  the  miHin'n  owo  phaaea  M  aeeo  (rom  tha  aartb,  bat  poeaaanDg  bbc*  than 
thrae  tiiDw  her  apparent  diameter.  We  act.  therefore,  in  tba  aBW  oapadtjr  toward* 
tba  tnooD  that  tbe  mnoa  dom  tovarili  ni.  It  i*  intereatinc  her*  to  aula  tba  optok* 
of  (usia  Maentiiti,  that,  judiiiDj;  fnim  tbe  muoo'i  phytical  caoditiooa,  Lfe.  aa  a*  kninr 
it.  oannot  aiiat  thare ;  whilrt  it  it  poeuble,  if  not  probable,  that  aoiiM  at  the  otlwr 
[daaeti  (raiire  wpocially  Man,  which  baa  been  tnnml  "  the  mlDieture  irf  oar  a>rtk  ") 
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nay  ha*a  their  inhabitant*,  thtingb  a 


ni-ccuanly  b  in^i  of  luicuclf  the  n 
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Springs  are  thus  the  sum,  and  neaps  the  difference,  of  the  co- 
existing lunar  and  solar  tidea 

Diagram  No.  3  represents  neap  tides  as  produced  at  the  last 
quarter  of  the  moon,  and  as  the  effect  on  the  tide  at  the  first 
quarter  is  precisely  similar,  it  is  not  worth  while  to  give  the 
diagram. 

The  tidal  wave  is  also  accelerated  or  retarded  in  a  way  which 
will  now  be  described.  In  the  Ist  and  3rd  quarters  of  the  Moon 
the  solar  tide  is  westward  of  the  lunar  one ;  and,  consequently,  f'*"^  "^* 
the  actual  High  Water  (which  is  the  result  of  the  combination  of 
the  two  waves),  will  be  to  the  westward  of  the  place  it  would  have 
been  at  if  the  Moon  had  acted  alone,  and  the  time  of  High  Water 
will  therefore  be  hastened.  In  the  2nd  and  4th  quarters  the 
general  effect  of  the  Sun  is,  for  a  similar  reason,  to  produce  a 
retardation  in  the  time  of  High  Water.  This  effect,  brought 
about  by  the  relative  positions  of  the  Sun  and  Moon,  is  called  the 
Priming  and  Lagging  of  the  tides.  It  deranges  the  average 
retardation,  which,  from  a  mean  value  of  48m.,  may  be  augmented 
to  60m.  or  be  reduced  to  36m. 

A  study  of  the  preceding  diagrams  will  shew  that  the  greatest 
and  least  water  is  to  be  found  on  a  bar  at  High  and  Low  Water 
respectively  of  Spring  Tides ;  whilst  at  Neaps  the  tide  will  neither 
rise  so  high  nor  fall  so  mucL  There  is  therefore  more  water  on 
a  bar  at  Low  Water  Neaps  than  at  Low  Water  Springa  Further-  Haif-ttda,  or 
more,  we  have  the  important  fact  that  at  half  tide  the  depth  on  a  ^y^i. 
har  is  always  nearly  the  same,  whether  it  he  Springs  or  Neaps. 
Thus  at  Liverpool,  at  the  present  date,  there  are  always  24  feet  of 
water  on  the  bar  at  half-tide,  flood  or  ebb,  but  of  course  this  depth 
is  subject  to  alteration  by  the  bar  silting  up  or  washing  away. 
Half-tide  corresponds  to  the  Mean  sea  level,  which  is  constant, 
and  should  therefore  be  universally  adopted  as  the  standard  Plane 
of  reference. 

The  following  diagram,  taken  from  the  Adpiralty  Tide  Tables, 
18  intended  to  explain  the  terms  Spring  Rise,  Neap  Rise,  and 
Neap  Range,  as  made  use  of  on  the  Charts  and  in  the  Sailing 
Dir^^tions  published  by  the  Admiralty : — 


SUPERIOR  AND  IXFERIOR  TIDE   WAVES. 
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a-Mean  Level  of  High  Water,  Ordinary  Springs, 

6=  .1  ..  ■,  Neapa. 

c  -  Half  Tide  or  mean  Level  of  the  Sea  both  at  SpringB  and  Neapi. 

d = Meao  Level  of  Low  Water  Ordinary  Neaps. 

«-  »  >,  ..  Sprinp. 

Example. 

Spring  Rise  (or  Mean  Spring  Range)  -  «  to  a  -  18  ft 

Neap  Rise  -  -  ■=  <  to  6  -  10  „ 

Neap  Range  -       -        =  rf  to  ft  —   8  „ 

Se  care/ul  to  dUtinguish  i/elaren  Xeap  Rite  und  Neap  Range. 

Now,  with  reference  to  a  tiile  wave  being  formed  aimultaDeonaly 
on  both  aiJes  of  tho  earth.  In  considering  this  qnestion  we  will 
temporarily  put  the  sun  on  one  side,  as  by  so  doing  matters  will 
te  much  simplified,  without  in  the  least  interfering  with  the 
general  principle. 

At  first  sight  it  looks  strauge  that  the  Inferior  wave  should  be 
produced  by  the  attrnction  of  a  single  body,  such  oa  the  moon, 
which  of  course  cannot  be  on  bvih  sides  of  the  earth  at  the  same 
instant  of  time.  Admitting  the  attractive  power  of  the  moon,  it 
is  easy  to  comprehend  that  the  Superior  tide  may  be  so  formed ; 
but  that  the  other  should  alao  be  the  result  of  a  pull  in  the  same 
direction,  b  much  more  difficult  to  understand,  and  proves  an 
effectual  poser  to  many  who.  from  want  of  the  key,  consider  the 
matter  as  contrary  to  common  sense.  Touching  the  latter,  it  must 
be  allowed  that  common  sense  is  a  first  rate  thing  in  its  way,  and 
happy  are  those  who  possess  it,  but,  nnfortunattdy,  it  is  not  alwaya 
equal  to  unravelling  intricate  problems,  of  whatsoever  kind.  The 
moon's  aUraction  undoubtedly  causes  both  tide  waves,  and,  absurd 
as  the  ides  may  appoar  to  many,  the  fact  is  capable  of  sufficiently 
easy  explanation,  which  we  will  now  attempt. 
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It  is  necessary,  first  of  all,  to  have  a  clear  conception  of  that  uniYenai 

atferaetton 
grailtatloii. 


species  of  attraction  called  Gravitation,  which  pervades  all  space  ^^^'^c**^  ^ 


— every  particle  of  matter  in  this  vast  universe  attracting  every 
other  pcartide. 

The  laws  governing  Universal  Attraction  are  well  established, 
and  may  be  thus  stated : — 

^  1.  All  bodies  in  nature  exert  a  mutual  attraction  upon  each 
other,  at  all  distances,  in  virtue  of  which  they  are  con- 
tinually tending  towards  each  other. 
"  2.  For  the  same  distance  the  attractions  between  bodies  are 

proportional  to  their  masses. 
"3.  The  masses  being  equal,  the  attraction  varies  with  the 
distance,  being  inversely  proportional  to  the  square  of  the 
distances  asunder."* 
The  tides,  however,  are  not  due  to  the  simple  attraction  of  the  Bxpianatioii 
moon  upon  the  waters  of  the  globe,  but  to  thie  difference  of  its  tides  are 

attraction  on  the  near  and  far  sides  of  the  earth.  formed  by 

awiraoiiio&* 
Now,  the  moon  attracts  the  solid  earth  as  well  as  the  waters 

upon  it,  and  in  conformity  with  law  No.  3,  she  attracts  most  that 

which  is  nearest  to  her.    Therefore,  the  waters  on  the  side  next 

the  moon  are  most  drawn  to  her,  the  solid  earth  in  a  lesser  degree, 

and  the  waters  on  the  distant  side  less  still ;  so  that  the  latter  are 

left  behind,  as  it  were,  and  present  the  illusory  appearance  of 

being  attracted  towards  /,  which,  however,  is  not  the  case.     See 

Diagram  No,  4. 

Let  the  inside  letters  represent  points  on  the  earth's  surface, 
and  let  us  suppose  the  latter  to  be  uniformly  covered  with  water. 
Now,  the  different  parts  of  the  earth  are  at  imequal  distances 
from  the  moon.  Hence  the  attraction  which  the  moon  exerts 
at  a  is  greater  than  that  which  it  exerts  at  h  and  A,  aud  still 
greater  than  that  which  it  exerts  at  c  and  g ;  while  the  attraction 
at  €  is  least  of  all« 

The  attraction  of  the  moon  upon  the  layer  of  water  imme- 
diately under  it  at  the  point  £»  is  greater  than  that  which  it  exerts 
upon  the  solid  globe ;  the  water  will  therefore  heap  itself  up  over 
0 — ^that  is.  High  Water  will  take  place  immediately  under  the 
moon.  The  water  which  thus  collects  at  a  is  derived  from  the 
r^ons  e  and  g,  where  the  quantity  of  water  must  therefore  be 
diminished — that  is,  there  will  be  Low  Water  at  c  and  g. 


*  Oanoii*  Pofpviar  Natural  PhdoBophy,    A  most  engaging  bt>ok,  whioh  no  officer 
ifacmld  be  without 
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The  water  at  /  w  less  attracted  than  the  sulid  mas: 
The  latter  will  theiefore  recede  from  the  waters  at  /,  lea\~ing 
them  behind,  so  that  they  will  be  heajMid  up  also,  and  produce 
High  Water  at  the  same  time  as  at  fit  The  Moou's  attraction, 
as  exeruised  upon  our  earth,  is  difvrential  in  its  character,  and 
herein  lies  the  gist  o£  the  whole  thing. 

So  much  for  the  Moon ;  now  for  the  Sun. 

The  sun  produces  tidal  effects  similar  to  tbose  of  the  moon. 
He  ia  the  centre  and  controlling  force  of  the  system  to  which  we 
belong ;  and  his  attractivo  power  upon  the  earth,  aa  a  whole,  is 
vastly  greater  than  that  of  our  comparatively  puny  satellite  ;  for, 
t}iough  the  suu's  mean  distance  from  us  is  nearly  3d0  times  that 
of  the  moon,  it  is  more  than  countcritalauced  by  lus  mass,  which 
is  26  million  times  greater  than  that  of  the  moon.  Nevertheleai, 
the  latter's  iuflueuce  upon  the  tides  is  nearly  2}  times  more  than 
the  8un. 

Here  we  have  another  seeming  anomaly,  but  it  is  expluned  by 
the  fact  that  the  sun's  mean  distance  ta  so  great  (03  millions  of 
miles),  that  the  ineqtialify  of  his  attraction  on  different  parts  of 
out  earth  ia  very  small ;  that  is  to  say,  the  sun  attracts  all  parts 
of  our  comparatively  small  globe  in  a  nearly  equal  ratio,  which  n 
not  by  any  means  the  case  with  the  moon,  as  the  earth's  diameter 
(7,!)13  miles)  bears  a  considerable  proportion  to  her  mean  distance 
,  from  us  of  23S,b30  miles.  The  moon  is  only  removed  from  us  by 
a  distance  equal  to  30  of  the  earth's  diameters,  whereas  it  would 
require  nearly  12,000  earths  to  bridge  the  space  between  the  siin 
and  ourselves,  In  other  words,  the  sun's  attraction,  as  applied  to 
our  earth,  is  less  differential  in  character  than  that  of  the  moon. 

The  term  Gravitation  is  applied  more  e8i>ecially  to  the  attraction 
exerted  between  the  heavenly  bodies.  The  aau  being  that  moral 
of  our  planetary  system  which  has  the  Iwrgest  ma^  exerta 
the  greatest  attraction,  from  which  it  might  seem  that  the 
and  the  otlier  planets  ought  to  fidl  into  the  eun,  by  reasoa 
this  attraction.  This  wonld  indeed  be  the  case,  if  they  were 
otdy  acted  upon  by  the  force  of  Gravitation ;  but  owinj;  t«  tlioir 
inertia,*  the  onginid  or  primary  impulse  which  they  onoo  rcooived 
constantly  t«nd.i  to  carry  them  away  from  the  sun  in  a  straight 
lUi&     The  reeiUtiiiU  of  this  acquired  velocity,  and  of  the  foi-ce  uT 
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*  inrttta  U  ft  parel;  iwg&Uf  a  |ir>i|iBrty  (it  nulkr.  It  k  U»l  Snbtmral  qskli 
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lUititrtnl,  or  <ti  iwrpctiial  lUuUuu  u.alB>i  urcatcil  l>y  » 
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Gravitation,   makes  the   planets   describe  curves  about  the  sun 
which  are  elliptical  in  shape,  and  are  called  their  orbits. 

The  moon  revolves  about  the  earth  once  in  something  under 
25  hours,  and  the  earth  having  a  circumference  (in  round  num- 
bers) of  25  thousand  miles,  the  tide  wave  caused  by  the  joint 
action  of  the  sun  and,  moon  would,  if  the  surface  of  our  globe 
were  uniformly  and  entirely  covered  with  deep  water,  have  a 
speed  of  1000  miles  per  hour.  As  a  matter  of  fact,  in  mid-ocean.  Velocity  of 
where  there  are  no  barriers  to  its  progress,  the  tide  wave  is  found 
to  travel  little  short  of  this  rate ;  but  there  is  a  rapid  falling  oflF  in 
the  speed  a3  well  as  change  in  the  direction,  when  the  wave  is 
obstructed  by  land  stretching  across  its  natural  line  of  progress, 
also  by  the  friction  of  the  bottom  in  shoal  water.  For  example, 
in  the  Souther/i  Ocean  the  hourly  rate  is  nearly  1000  miles ;  in 
the  middle  of  the  North  Atlantic,  700  miles ;  but  in  the  Irish 
Channe],  between  Rathlin  and  the  Isle  of  Man,  the  progressive 
rate  of  the  wave  of  high  water  is  only  50  miles  per  hour ;  and  in 
the  southern  branch  of  the  same,  about  half  that  amount 

Let  us  remark  in  passing,  that  the  tides  with  which  our  fre- 
qaenters  of  the  sea  shore  are  acquainted  are  not  the  direct  efiect  of 
tiie  moon's  attraction.  The  tides  are  generated  in  the  Great  South- 
em  Ocean,  where  they  are  forced  oscillations,  but  those  that  we 
have  in  our  part  of  the  world  BXQfree  oscillations,  started,  it  is  true, 
by  the  others,  though  running  up  to  our  latitudes  on  their  own 
book,  under  the  action  of  terrestrial  Gi*avitation.  The  direct  tidal 
effect  of  the  moon  in  our  seas  is  comparatively  small,  and  is  in 
many  places  antagonistic  to  the  actual  ebb  and  flow  of  the  waters 
wiUieased  by  our  sea-side  visitors. 

Here  it  is  necessary  to  observe  that,  owing  to  fluid-friction,  the 
meriia  of  the  water,  and  other  causes,  the  tide  wave  is  found  to 
lag  behind  the  moon,  and  on  this  account  the  highest  tides  do  not 
ooeiir  when  her  influence  is  greatest,  but  from  one  to  three  days 
after.  The  tide  corresponding  to  New,  or  Full  moon,  can  however 
be  detected  by  its  superior  height,  which  accordingly  enables  us 
to  get  at  what  is  termed  the  retard  or  age  of  the  tide.  Similarly,  Retard  or  aga 
High  Water  at  any  place  is  not  simultaneous  with  the  moon's  pass-  ^  *^  *^* 
age  of  the  meridian  of  that  place,  but  occurs  an  hour  or  two  after. 

At  this  stage  of  our  subject,  it  is  most  important  to  distinguish 
between  the  motion  of  a  tidal  wave,  and  that  of  a  tidal  current 

The  tide  wave  is  due  not  nearly  so  much  to  the  actual  horizon-  Durerenoo 
tal  transfer  of  a  body  of  water  from  one  place  to  another,  as  to  S^^t^  S^ 
an  devatian  of  its  surface.     Thus  the  sun  and  moon  do  not  draw  current 
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after  thfjn  ttie  mound  of  water  which  lias  been  raised  by  theii 
altraction,  but  are  all  tlio  time  enguged  in  raising  the  wat^r  which 
is  vertically  beneath  them,.  As  we  have  seen,  the  propagation 
of  this  tide  tmiw  is  cotnpiitible  with  immense  velocity,  whereas 
the  tide  current  rarely  exceeds  5  or  6  miles  an  hour.  Were  the 
tide  wave  one  of  translation,  like  the  tide  current,  it  would  carry 
destruction  in  its  course,  The  peculiarity  of  its  action  raay  bo. 
shewn  in  this  way ; — 

Let  two  men  stand  a  few  yards  apart,  each  holding  the  end  of 
a  piece  of  rope  stretched  loosely  between  them.  Now,  if  one  of 
the  men  were  to  shake  the  rope  smartly  in  an  up  and  down 
direction,  he  would  cause  undulations  or  waves  in  it,  which  wouM 
travel  to  the  other  end  with  great  rapidity ;  nevertheless,  from 
both  ends  being  retained  in  the  hands  of  the  men,  the  rope,  taken 
as  a  whole,  would  occupy  throughout  the  same  position. 

The  shaking  of  a  sail,  or  the  fluttering  of  a  flag,  sei've  to  illus- 
trate the  same  effect,  therefore  we  see  that  it  is  the /orm  alone  of 
the  wave  which  moves,  and  not  the  water  of  which  it  is  composed. 
In  other  wordi«,  tlie  same  wave  as  it  advances  is  not  composed  oC 
the  same  water. 
Propagatios  Light,  heat,  and  sound  are  transmitted  iu  a  similar  monnei^ 
aadMuid^*'  ^^  "^  ^^^  ^-''^  latter  by  way  of  further  illustration : — 

If  a  long  spar  be  gently  tapped  at  one  end,  the  blow  will  be 
readily  heard  by  a  person  applying  his  ear  to  the  other  end.     In 
this  case  the  sound  wave  is  propagated  by  the  minute  but  rapid 
tt&nitiOTw  of  the  atoms  of  wood  composing  the  spar,  but  no  one 
for  a  moment  would  suppose  that  the  identical  yiece  of  wi 
which  was  struck  had  travelled  to  the  ear  of  the  liitener.     Solii 
generally,  conduct  sound   much   more   rapidly  than  air.     Oi 
for  example,   will   transmit  it  with   exactly   t«n   times   greal 
velocity.     Thus,  in  the  ex^ieriment  just  mentioned,  if  the  spar  be 
struck  with  sutficieut  force,  the  listener  will  hear  two  distiuci 
sounds,  with  an  interval  between  them,  depending  upon  the  length 
of  the  spar,  the  flrst  sound  transmitted  by  the  wood,  and  tho 
second  transmitted  by  the  air.     Iron  is  a  still  bettor  conductor. 

Beceut  investigation,  however,  goes  to  prove  that  every  ww 
wave  ia  more  or  Icm  a  wave  of  translation.  Slotting  down  each 
particle  of  water,  or  of  matter  suspended  in  water,  a  liuU  in 
advance  of  where  it  picked  that  particle  np ;  but  to  the  ordinar} 
observer  this  transference  of  matter  is  so  slight  as  to  be  imper- 
ceptible. By  the  aeonian,  however,  it  is  taken  into  practical 
account  when  he  is  making  allowance  for  "  the  hoave  of  Uie  sc^" 
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Shoaling  of  the  water  makes  a  material   difference  in   theBSteton 
character  of  a  wave.    Its  base  is  then  retarded  by  the  increasing  ^IJJ^J^ 
friction  of  the  ascending  bottom,  and  its  leading  side  in  conse-  water. 
quence  becomes  steeper  and  steeper,  until  at  length  the  crest  out- 
lirips  the  base,  and,  toppling  over,  breaks  into  foaming  surf.     This 
may  be  witnessed  any  day  in  the  approach  of  waves  to  a  shelving 
beach.     Where  the  foreshore  happens  to  slope  very  gradually,  Snrf  and 
these  breakers  extend  a  proportionately  long  distance  seaward ;  "*•**■"• 
but  in  such  cases  the  ground  friction  deprives  them  of  their 
original  height  and  energy  long  before  reaching  the  beach. 

The  name  has  escaped  the  writer's  memory,  but  there  is  a  place 
on  the  Malabar  coast  where  the  water,  for  miles  seaward,  shoals 
80  r^olarly  and  slowly  over  muddy  bottom,  that  the  force  of  the 
heavy  seas  during  the  S.W.  monsoon  is  quite  spent  by  the  time 
Uiey  get  near  the  land;  and  it  is  common  for  the  small  craft 
th^eabouts  to  run  in  on  what  is  a  dead  lee  shore,  and  anchor 
without  fear  in  4  fathoms. 

For  conditions  of  an  opposite  character  take  the  bar  of  the 
TagOR,  which  shoals  abruptly  from  a  depth  of  several  hundreds  of 
fathoms  existing  only  a  few  miles  to  the  westward.  During 
winter  gales  the  deep-water  undulations  come  rolling  in  upon  it 
in  an  unreduced  form,  and  break  with  terrific  violence.  They 
have  even  been  known  to  sweep  the  decks  of  large  mail  steamers 
that  have  rashly  attempted  to  enter  at  such  times,  though  the  bar 
earriea  not  less  than  6  fathoms  at  low  water  (in  the  shoalest  part). 
This  would  give  the  height  of  these  formidable  breakers  as 
upwards  of  30  feet,  since  it  is  generally  accepted  that  the  depth  Rnto  at  to 
of  water  where  the  wave  first  breaks  is  equal  to  the  height  of  its  tonSctn! 
erert  above  the  undisturbed  sea  level 

To  give  an  idea  of  where  broken  water  will  be  dashed  to  in 
storms^  it  is  related,  on  good  authority,  that  the  fog  bell  (weighing 
several  cwt.)  of  the  Bishop  Rock  lighthouse  was  torn  away  from 
its  massive  fastenings  during  a  severe  gale,  and  the  gallery  con- 
taining the  belfry  was  found  thickly  strewn  with  sand,  though  it 
had  an  elevation  of  100  feet  above  high  water  level 

EngineerB  have  of  late  years  taken  advantage  of  the  compara-  Flan  and 
five  absence  of  horizorUal  force  in  unbroken  waves,  to  construct  *"?»*^^t«ra 
almost  perpendicularly  the  sea  faces  of  such  piers  or  breakwaters  itnioted  in 
as  require  to  be  built  in  exposed  positions.     Formerly,  works  of  ^^'^^'^^  *^» 
this  character  had  a  very  long  batter  or  slope,  the  effect  of  which 
— nmilar  to  that  of  a  shelving  beach — was  to  cause  the  waves  to 
earl  over  and  break  in  a  manner  which  forced  out  huge  blocks  of 
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stone,  each  very  many  tons  in  weight;  and  this  tuiderroimng  p 
cess  weut  on  until  the  solid  masonry  was  completely  breached 
through. 

Again,  it  is  not  improbable  that  the  reader  has  seen  unbroken 
waves  reflected  hack  from  a  vertical  sea  wall ;  in  which  case  he 
will  have  noticed  that  the  reflected  outgoing  wavea  pass  through 
the  incoming  ones,  and  each  continues  on  its  course  almo.'^t  as  if 
PropBrtiM  of  nothing  had  happened.     The  principal  visible  effect  prmluccd  bjr  ■ 
n  ibrokan        tbe  collision  is  to  loomeutarily  increase  the  height  ot  the  waves  t^m 
their  point  of  meeting ;   but  after  a  time  the  reflected  wave  is  ■ 
reduced  in  speed  and  size  by  its  repeated  encounters  with  » 
ing  incoming  ones,  that  it  dwindles  away,  and  at  last  ceaaes  I 
exist;   were  they  Bolid  bodies  undergoing  translation,  the  wan 
with  the  greater  momentum  would  overcome  and  carry  with  ikl 
the  other  one — but,  of  course,  at  a  reduced  speed. 

To  take  another  example:  Every  sailor  knows  that,  when 
hovc-to  in  a  gale,  liis  ship,  if  properly  loaded  and  handled,  will 
ordinarily  ride  over  the  monster  seas  like  a  duck;  and  it  is  clear 
that  such  could  not  be  the  case  if  each  wave  wore  hurled  against 
the  vessel  as  an  independent  and  separate  accumulation  of  water. 
But  as  soon  Ets  thchir  free  movement  is  interfered  with  by  friction, 
no  matter  how  produced,  waves  have  a  tendency  to  "  top  "  atid  be- 
come vicioua  For  instance,  on  the  edge  of  the  Agul'ian  Bank, 
o£F  the  pilch  of  the  Cape  of  Good  Hope,  it  is  well  kn  >wn  that 
the  aeas  generated  by  a  W.N.W,  gale  are  oft«n  opposed  by  a 
strong  current  setting  right  in  the  wind's  eye.  The  result  L*  a 
hollow,  curling  sea  J  and  woe  betide  a  deeply  laden  ship  should 
she  meet  one  of  these  ugly  customers  at  an  awkward  moment.* 
A  weather  tide  in  a  river  is  an  example  of  the  same  thing  on  s 
very  much  smaller  scale. 

From  the  foregoing  we  learn  that  a  wave  proper  hu  but  a 
trifling  effect  in  the  horizontal   transference  of  floating  objects, 
which  do  little  more  than  rise  and  fall  on  its  surface ;  but  tba  i 
same  wave,  when  trimsfurmed  into  a  "  breaker  "  by  fciction,  vilH 
carry  all  before  it.  % 

^-  The  "  Bores  "  peculiar  to  some  rivers  are  produced  in  a  manner  ' 

very  similar  to  •' breakers."     As  the  Tide  wave  advances  op  the 
river,    it  is  continually   checked    underneath,   not  only  by   the 

*  Oil  ilaoly  (Iroppod  inlii  tlia  m*  hu  i.  nmiUifid  effect  io  pnv«nting  it  braakin^  o* 
boud.  U  U  cmuinnn  Id  toait  puli  of  Kd^UdiI.  bafi)ni  buMliio|{  ft  boftt,  to  [nil  op  aaA 
duWD  (or  a  few  JtAt,  pouring  ail  od  tha  watsr,  aai  tiien  nrv  in  im  tba  •a>an4L  Tbar* 
bat*  bam  Mtenl  intertiMiiig  uticle*  ua  thia  aubjwt  in  Otnnfitni't  Javr*iL 


EXTREMES  OF  TIDE  RANGE, 


193 


firictioD  of  ihe  bottom,  but  by  the  resistance  of  the  downward 
current.  These  causes  operate  to  dam  up  the  incoming  tide, 
which  is  nevertheless  pushed  on  by  the  ever-increasing  volume 
of  water  behind,  until  it  assumes  a  steep  broken  front,  and 
constitutes  one  continuous  breaker,  having  a  long  flat  back.  As 
the  ^bore"  advances,  it  is  sometimes  hemmed  in  at  the  sides 
by  a  contracting  channel,  which  forces  it  still  more  to  lise  above 
the  ordinary  levels  since,  if  the  form  of  tlie  channel  cannot 
accommodate  the  rush  of  water  in  one  way,  it  must  in  another. 
In  such  a  case  it  is  not  uncommon  to  see  two  or  three  smaller 
*  bores  "  coming  along  on  the  back  of  the  first. 

This  phenomenon  occurs  mostly  in  rivers  situated  at  the  head 
<tf  delta-shaped  estuaries,  and  wliere  these  open  brpadly  to  the 
direct  course  of  the  Tidal  wave,  the  effect  is  necessarily  more 
marked. 

Chepstow,  in  the  Bristol  Channel;  Mont  St  Michael,  in  the 
Gulf  of  St  Malo ;  Dungeness  Spit,  near  Cape  Virgins ;  and  the 
Basin  of  Mines,  at  the  head  of  the  Bay  of  Fundy, — are  all  places 
celebrated  for  a  great  Tidal  Rise  and  Fall,  which  in  extreme  cases 
amounts  at  some  of  them  to  70  feet  and  upwards. 

On  the  other  hand,  in  the  open  ocean,  where  the  Tide  wave  is  tmm  in  op«i 
untrammelled,  the  ramre  is  but  four  feet  or  so,  and  in  inland  seas  ®***"^  •^ 
it  is  almost  insensibla  For  instance,  among  the  islands  of  the 
Pacific  Ocean  the  Rise  and  Fall  varies  from  3  to  6  feet,  and  in  the 
Mediterranean  the  average  Rise  and  Fall  does  not  exceed  18 
inches,  though  in  places — Sphax  for  example— owing  to  local 
causes,  the  Rise  and  Fall  is  fully  five  feet. 

Lakes  and  inland  seas  being  comparatively  small,  the  attraction 
of  the  snn  and  moon  is  nearly  equal  at  both  extremities,  therefore 
their  tides  are  insignificant  Close  investigation  backs  up  the 
theory  that  the  magnitude  of  the  tidal  range  depends  upon  the 
proportion  the  size  of  the  lake  or  sea  bears  to  the  diameter  of  the 
earth :  for  instance,  the  existence  of  a  tide  in  Lake  Michigan  has 
been  proved  by  a  series  of  observations  made  at  Chicago  in  1859. 
The  average  height  of  this  tide  is  If  inches;  and  the  average  time 
of  H.  W.  is  30  minutes  after  the  moons  transit  The  length  of 
Lake  Michigan  is  350  miles,  or  ^V  of  ^^^  earth's  diameter;  and  its 
tide  is  about  ^V  ^^  ^^^  which  prevails  in  mid-ocean.  Again,  the 
length  of  the  Mediterranean  is  2,400  miles,  or,  roughly,  ^  the 
diameter  of  the  earth,  which  gives  the  average  height  of  its  tide 

i  what  it  is  in  the  open  sea^  and  this  is  confirmed  by  observation. 

The  Tide  Current,  then,  is  caused  by  Tide  waves  from  the  ocean  Wde  ourrent 
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being  concentrateJ  and  cheeked  by  local  formation,  also  by  the 
frictional  resistance  offered  by  the  bottom  and  sides  of  a  narrow 
channel.  In  passing  through  contracted  spaces,  these  waves,  as 
already  stated,  are  heaped  up  and  urged  on  by  the  continued 
pressure  of  the  water  beLiind,  whose  motion  is  less  retarded  than 
that  of  their  own ;  and  thus,  in  seeking  to  find  its  level,  an  actuaj 
current  is  created. 

The  Tide  Current  must  not,  however,  be  mixed  up  with  th« 
general  Ocean  Currents,  which  are  prc^ressive  movements  of  the 
water,  due  partly  to  prevailing  winds,  and  partly  to  difvraicea  of 
temperature  and  density,  which,  by  disturbing  the  equilibrium, 
cause  a  constant  circulation  to  be  going  on  in  tho  waters  of  the 
globe;  and  this,  be  it  remembered,  tnkes  place  in  a  vertical  as  well 
as  a  hoi'izontal  direction. 

It  is  difScult  at  first  to  realize  tliat  mere  friction  can  play  such 
an  important  part  in  connection  with  tidal  currents,  but  unmis- 
takeable  evidence  of  this  is  given  in  a  variety  of  ways.  For 
BffMt  on  Udei  example,  of  late  years  the  Tyne  has  been  improved  by  straight- 
ening some  of  the  worst  bends,  and  by  dredging  ita  bed.  The  result 
is  that  High  Water  now  occurs  at  Newcastle  some  20  minutea 
earlier  than  it  did  previous  to  these  improvements,  though  th« 
distance  from  Tynemouth  to  Newcastle  is  but  9  niilea  or  sa 

The  Tide  hour^  has  been  accelerated  at  Glasgow  by  similar 
means,  and  also  at  London  Bridge,  but  in  a  less  degree. 

Again,  most  seamen — especially  coasters — are  aware  that  tho 
^  stream  of  tide  runs  longer  in  the  offing  than  close  alongshore 
Two  causes  operate  in  producing  this  effect.  From  the  water 
being  dee|>er  in  mid-channel,  its  momentum  is  proportionately 
less  retarded  by  bottom  friction;  whilst  the  littoral  current — 
affected  in  a  much  greater  degree  by  bottom  and  side  friction — haa, 
moreover,  to  penetrate  the  bights  and  follow  the  bends  of  th« 
Oo-tUal  mtp.  coaat.  Reference  to  the  accompanying  co-tidal  map  of  the  British 
Islands  will  shew  this  feature  very  plainly:  it  will  be  noticed 
more  especially  in  the  English  Channel,  and  in  the  contraclml 
portion  of  the  northern  branch  of  the  Irish  Channel+ 


*  UoT*  genenllf  tcraied  "  EabkbluhmsDt  of  tbe  Port." 

tU&e*  ixniQeitfiig  rdl  thoH  plm«a  which  hara  high  wfttar  at  lb*  mim  lirtiiil  ol 
»hmiuii  tiiiH  Mv  tenoed  Cu-tiJai  liucii.  1'bef  an  dhIuI  m  marida(  tb*  jiragnH  €t 
tha  Tid*  waiv  hoor  I;  bonr.  aud  tn  gBatniij  imtra  (or  Gircawicli  Maaa  TIoml 
Thajr  hmx  do  refereotw  whataTer  to  lldal  earrrtU.  Tha  map  ban  ihavn  b  tak*« 
from  a  pamphlst  liy  Um  ItaT.  ifamuel  Haoi^btua,  M.A.  ImraT'i  "  £^srAtt  *md  Tidm" 
DunUiiu  an  ■ic«thnt  littlv  (liart  of  Ui>  World,  >h*wia||  thn  Co-tidal  \\a»*  bitwMn  M* 
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The  Tide  current  sometimes  continues  to  flow  in  the  offing  for 
three  hours  after  it  has  turned  by  the  shore,  and  is  then  termed 
''Tide  and  half  tide ;"  and  "  Tide  and  quarter  tide  "  when  it  only  Tide  and  Half 
runs  for  1 J  hours  longer.  Moreover,  the  time  at  which  the  stream  ^**' 
twma  is  often  different  at  different  distances  from  the  shore,  hut 
the  Unit  of  High  Water  is  not  necessarily  different  at  these  points. 
This  same  peculiarity  may  be  observed  in  a  small  way  in  the 
Mersey  and  other  rivers,  where,  though  the  stream  may  still 
be  running  up  in  mid-river,  it  will  be  at  a  stand  inshore,  and  the 
water-level  will  have  fallen  several  inches  at  the  pier-heads. 

A  knowledge  of  this  difference  in  the  turn  of  the  inshore  and  carrjring  uie 
offshore  streams  is  of  great  service,  more  particularly  in  working  Si^^y 
to  windward,  since  by  keeping  close  in  at  the  commencement  of 
the  tide,  and  standing  out  mid-channel  towards  the  last  of  it,  it 
is  possible  to  carry  a  favouring  tide  for  nine  houra  Indeed,  in  a 
smart  vessel,  navigated  hy  a  man  with  good  local  knowledge,  the 
fcod  may  be  carried  even  longer ;  and  in  a  steamer — from  the 
fact  of  the  turn  of  the  tide  in  certain  cases  getting  progressively 
]2j^j — the  ebb  may  at  times  be  cheated  altogether. 

For  example:— Neglecting  the  odd  minutes,  it  is  High  Water, 
Full  and  Change,  at  Queenstown  at  5  o'clock,  and  at  the  Bar 
Lightship,  Liverpool,  at  11  o'clock.  Now,  if  on  such  a  day  a 
17-knot  steamer  were  to  leave  Queenstown  at  noon,  with  the 
yoang  flood  or  eastern  tide,  and  round  the  Tuskar  closely,  she 
would  carry  the  tide  with  her  the  whole  way  to  the  Lightship,  a 
distance  of  about  226  milea  It  should  be  stated,  however,  that 
between  Roche's  Point  and  the  Coningbeg  light- vessel  the  stream 
is  weak,  even  at  springa  Owing  to  a  peculiarity,  which  will  be 
alluded  to  further  on,  a  ship  passing  through  the  Straits  of  Dover, 
bound  to  a  port  on  the  East  Coast,  and  hitting  the  tide  at  the 
right  time,  will  carry  it  for  nearly  twelve  houra  The  same  thing 
can  also  happen  in  the  George's  Channel. 

We  now  come  to  another  very  important  phase  in  the  pheno- 
mena of  tides.     It  is  of  the  greatest  consequence  to  the  navigator  Rise  and  Fan, 

(hat  he  should  not  confound  the  Rise  and  Fall  of  the  tide  with  "/Hf*!^l. 

gnlsliod  from 

the  Flaw  and  Ebb.  now  and  Bbb. 

It  is  too  generally  supposed  that  at  High  Water  the  flood  cur- 
rent ceases,  and  similarly,  of  course,  that  at  Low  Water  the  ebb 


ef  North  and  Soaih  Utitude.  The  same  book  has  also  a  variety  of  other  information 
v«7  naeful  to  the  leaman,  and  is  one  of  those  recommended  for  the  Captain*B  Nautical 
Libiaiy. 
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current  ceases ;  in  other  words,  that  the  ftood  etresm  only  runs 
whilst  the  water  is  ruing,  and  that  the  ebb  stream  only  runs 
whilst  the  water  is  /allin/j.  Now  this  is  not  by  any  means  ft 
necessary  consequence ;  and  so  far  from  its  being  even  t 
the  case,  such  a  condition  is  proved  to  be  extremely  1 
then  only  to  be  found  in  small  bays  and  harbours. 

The  supposed  cessation  of  the  Flood  and  Ebb  streams  at  High 
and  Low  VVat*r  respectively,  is  unfortunately  a  very  preralent, 
but  at  the  same  time  not  unnatural,  misconception,  and  has  doobt- 
less  contributed  to  many  a  disaster. 

Owing  to  the  momentum  of  the  water,  which  docs  not  permit 
of  its  onward  motion  censing  simultaneously  with  the  exating 
cause,  and  owing  sometimes  to  difference  of  level,  it  is  not  oncom- 
mon  to  find  the  Flood  ran  for  three  hours  after  the  tcaUr  ka» 
eommenced  to  fall;  and,  similarly,  the  Ebb  may  continue  running 
out  for  three  hours  after  the  water  has  comtnenced  to  rite.*  Thus, 
at  the  actual  times  of  High  and  Low  Water,  the  Flood  and  Ebb 
streams  respectively,  instead  of  being  "  slack,"  may,  on  the  con- 
trary, be  running  with  their  greatest  velocity. 

This  peculiarity  is  shown  in  a  very  striking  manner  at  the 
First  Narrows,  or  eastern  entrance  to  the  Straits  of  Magellan, 
where  it  is  due  almost  entirely  to  excessive  difference  of  water 
level 

As  already  stated,  in  small  harbours  and  bays  slack  current 
takes  place  at  the  *'  stand  "  of  the  tide  at  High  and  Low  \Vat«r ; 
but  where  the  tide  wave  enters  a  narrow  inlet,  cimnecting  with  a 
great  inland  basin,  the  case  is  different  The  ba»in  being  nearly 
tidclcss,  has  its  surface  lj*ing  at  about  the  mean  tea  Ict-et;  thero- 
forc,  Flood  curreiila  can  only  commence  to  run  in  through  tlie 
Narrows  when  the  surface  of  tlie  outside  water  ha-*  risen  above 
that  of  the  basin,  and  the  maximum  velocity  must  occur  at  High 
Water  for  the  Flootl,  and  at  Low  Water  for  the  Ebb. 

This  is  precisely  what  happens  in  the  Straits  of  Magellan — 
which,  though  not  an  inland  sea  in  the  strict  aense  of  the  term, 
nevertheless  partnkes  sufficiently  of  the  characteristics  of  ooe. 
Now,  it  80  happens  that,  in  the  gourd-shaped  arm  of  the  sea 
adjoining  the  contracted  cliffy  channel  forming  the  water  com- 


'  Moat  people  who  Iutb  tn  do  with  the  dockinj;  tai  nnJiickin);  of  raMslt  will  h>n 
Do(io*d.  by  Ud«-gaagea  or  mwki  of  torn*  mrt,  how  ■  ri»«T  n—  nr  '■■welli"  k^ 
htura  Uta  U(t  of  tlio  Rhb  itnani.  •hovinB  tlul  tbe  Tirls  mn  m>;  b*  gmiiB  <«•  wy,^ 
wluB  tlu  WaMr  iMiU  ii  •Miiallr  (oiDf  antit>>rT. 
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manicatioQ  between  the  Straits  and  the  South  Atlantic,  there  is 
a  Rise  and  Fall  of  42  feet  This  great  tidal  range  is  due  to  its 
shi^,  combined  with  the  fact  that  it  opens  invitingly  to  the 
direct  course  of  the  tide-wave  flowing  in  from  the  South  East- 
ward. But,  in  the  basin  immediately  within  the  Narrows,  the 
xange  is  only  22  feet,  and  further  on  it  is  much  less ;  for,  when 
a  large  water  area  has  to  be  filled  through  a  contracted  opening, 
as  in  the  present  case,  the  inner  tide  suffers  a  gradual  degradation 
as  the  water  composing  it  spreads  itself,  and  finally  becomes 
nearly  insensible ;  therefore  it  is  that,  after  passing  what  is  known 
as  the  Second  Narrows,  the  Magellan  tide  virtually  becomes 
spent,  and  the  Rise  and  Fall  insignificant:  indeed,  the  latter 
would  be  even  less  were  it  not  for  the  numerous  water  passages 
communicating  with  the  Pacific  Ocean,  which  act  as  feeders. 

What  has  been  here  described  as  occurring  inside  the  Narrows 
is  just  the  reverse  of  what  takes  place  outside  the  Narrowa  In 
the  Litter  case  the  tidal  range  is  continually  auffmented  as  it 
proceeds  up  the  estuary,  till  at  or  near  the  head  it  reaches  its 
maximum. 

The  annexed  diagrams  are  intended  to  illustrate  the  action  of 
the  tides  at  the  Eastern  entrance  to  Magellan  Straits,  and  in  them 
we  have  taken  the  liberty  of  supposing  the  basin  on  the  left 
to  have  no  Rise  or  Fall  whatever ;  this  is  not  consistent  with 
the  actual  fact,  but  it  simplifies  the  explanation  without  in 
any  way  detracting  from  the  truth  of  the  general  principle 
referred  to  in  the  text.  The  upper  diagram  does  not  profess  to 
be  anything  more  than  a  very  rough  outline  of  the  entrance  to 
1tfftjyp11ft.n  Strait,  nor  is  it  even  drawn  to  scale.  (See  Diagram 
No.  5). 

We  will  b^n  by  supposing  it  high  water  outside   the   Narrows,  as 

represented  by  the  line  A.     The  water  will  then  commence  to  fall ;  but  from 

its  level  being  21  feet  higher  than  inside,  the  flood  stream  will  continue  to 

mn  In  thioogh  the  Narrows  till  both  basin  and  estuary  have  arrived  at  the 

nine  level,  which  will  not  happen,  however,  for  3  hours,  by  wliich  time  it 

will  be  half  Ebb     The  ocean  water  which  has  passed  through  the  Narrowa 

caimot^  however,  do  much  to  swell  the  inner  tide,  since  its  volume  is  but 

trifling  as  compared  with  the  large  area  over  which  it  has  to  spread  itself.    At 

3  boars  after  high  water,  the  surface  level  being  then  the  same  both  inside 

and  out,  thera  is  a  momeiUary  stand  in  the  current,  which,  up  till  now,  lias 

been  flowing  in ;  bat|  as  soon  as  the  outside  level  drops  sufficiently  to  cause 

an  iodine  in  the  other  direction,  the  stream  will  commence  to  rush  out^  and 

continue  to  do  so  till  the  common  level  is  again  restored,  which  will  not  be 

before  half  flood.    As  may  well  be  imagined,  the  tide  in  the  Narrows  seethes 

like  a  boiling  pot,  and  mi^es  steady  steering  an  impossibility. 


Another  popular  but  erroneous  notion  ia,  that  tlie  night  tiJes 
arc  always  higher  than  the  day  ones. 

Pilots  are  very  prone  to  this  idea,  and,  withont  investigation  of 
any  kind,  it  is  passed  along  from  father  to  «Qn  as  a  sort  of 
professional  legacy.     The  rtal  facta  are  as  follows  : —  I 

In  consequence  of  what  is  called  the  Diurnal  (or  daily)  In-  " 
equality,  it  sometimes  happens  that  the  night  tides  are  higher 
than  the  day  tides  for  weeks  together ;  but  if  such  be  the  case  a( 
one  penod  of  the  year,  the  day  tides  are  higher  at  another. 

Prolonged  and  properly  conducted  observations  prove  conclu- 
sively that  the  height  of  the  tide  at  a  given  place  is  influenced  by 
the  Declination  of  the  moon ;  for  as  the  tide  wave  ever  tries  to 
place  its  highest  point  vertically  under  the  body  which  produces 
it,  when  this  vertical  changes  its  point  of  inci'lence  on  the  surface 
of  our  globe,  the  tide  wave  must  tend  to  shift  witli  it ;  thus, 
when  the  moon's  declination  is  0°,  the  highest  tides  should  occur 
along  the  Equator,  and  the  heights  should  diminish  thence 
towards  the  North  and  South ;  but,  other  things  remaining  as 
before,  the  two  consecutive  tides  at  any  place  should  have  the 
same  height     (See  Diagram  No.  6). 

Vlhen  tbe  moon  lias  north  clr<:li nation,  oa  shown  in  the  diH|:rani.  the  hi^cliest 
tides  on  the  aide  of  the  earth  next  the  moon  will  be  at  (ilacea  havim;  a 
corresijonding  north  latitude,  as  at  J  /  and  on  the  opiiosite  BJilo  uf  the  earth 
fmm  the  moon,  at  those  which  have  an  equal  south  lutitude,  as  at  C.  And  of 
the  two  conMcutive  tides  at  any  plane,  that  which  occurs  when  tbe  moon  is 
Dearest  the  iwnith  should  be  the  greater.  Hence  when  the  rooon'a  d«:Unstioa 
is  A'oKA,  the  height  of  the  tide  at  a  place  in  north  latitnUe  should  bo  grcal'^r 
when  the  moon  is  a 601^  the  horizon,  as  at  J,  than  when  ahe  is  below  it,asat  B. 
On  the  uime  day,  places  SimtU  of  the  equator  have  the  highest  tJdis  when  tha 
moon  is  Mow  their  horizon,  and  the  least  when  she  is  aborc  it.  A  cacrlul 
study  of  the  diagram  will  make  this  apparent 

In  continuation,  let  us  supixwe  the  moon  to  bo  "  Pull,"  and  her  declination 
88°  North.  At  mi<lnight,  therefore,  she  will  be  in  the  imicA  of  a  place  at  A, 
in  north  latitude,  and  will  produce  a  hiyh  night  tide.  At  D,  situated  on 
exactly  the  same  meridian,  but  in  south  latitude,  the  midnight  tide  occurring 
at  the  same  afaeolute  instant  of  time  as  the  lirst-nnmcd  will  be  a  p<»r  one,  aa 
the  moon's  alHtude  there  it  low.  On  the  other  side  of  the  globe,  the  phues  S 
and  C  hate  high  water  at  their  noon,  simultaneously  with  A  and  D  at  their 
midnight;  but  C  being  in  the  direct  line  of  the  mooD'a  attraation,  has  much 
the  higher  tide  of  the  twot 

ngutUM         From  these  considerations  it  is  obvious  that  the  Inferior  or 
aot  always      j^y  tide  at  C  must  be  greater  than  the  Superior  or  night  tide  at 

D,  which  completely  upsets  the  idea  that  "  Night  tidea  are  ahvajft 

the  highest" 
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To  go  from  theory  to  facts,  take  for  instance  what  happens  at 
Whampoa  docks.  lu  March  the  day  and  night  tides  rise  to  the 
same  level.  From  April  to  October  the  day  tides  are  the  higher, 
and  from  November  to  February  the  lower.  At  San  Francisco,  a 
rock  which  has  three  and  a  half  feet  water  upon  it  at  one  Low 
Water,  may  be  awash  at  the  next  succeeding  Low  Water ;  but 
when  the  moon  is  on  the  Equator,  the  inequality  at  this  port  dis- 
appears, and  the  day  and  night  tides  become  equal. 

The  Diurnal  Inequality  varies  greatly  in  amount  at  different 
places,  but  it  follows  iixed  laws  at  each,  and  may  be  predicted. 
It  sometimes  becomes  so  large  that  for  several  days  there  is  only 
ODe  tide  in  24  hours :  this  latter  phenomenon  is  very  common  on 
the  S.K  coast  of  China,  the  coasts  of  California  and  Oregon,  and 
in  the  Gulf  of  Mexico.  On  the  coasts  of  Great  Britain  and 
Ireland  the  Diurnal  Inequality  is  small. 

But  apart  from  the  irregularities  just  alluded  to,  there  are  Bnumeratloii 
other  circumstances  which  also  affect  the  height  of  the  tide,  and  JJi^^JJ^rec* 
the  times  of  High  and  Low  Water.     These  depend  upon  a  variety  ing  tidti. 
of  things — such  as  the  configuration  of  the  coast,  a  meeting  to- 
gether of  several  channels,  the  direction  of  the  wind,  and  the 
height  of  the  barometer.     Thus,  at  Liverpool,  a  S.W.  gale  both 
augments  the  tide  and  prolongs  it,  whilst  a  blow  from  the  oppo- 
site quarter  invariably  retards  and  "  cuts  "  it. 

A  rise  or  fall  of  an  inch  in  the  barometer  is  attended  with  a 
corresponding  fall  or  rise  in  the  tide,  varying  from  six  to  sixteen 
inches,  according  to  situation.  At  Liverpool  it  would  be  equal  to 
tw^elve  inches,  which  is  nearly  in  the  same  ratio  as  the  specific 
gravities  of  mercury  and  water. 

As  these  two  last  influences  cannot  possibly  be  predicted  in  the 
Almanacs,  the  tabular  times  and  heights  are  sometimes  consider- 
ably in  error. 

Then,  again,  there  are  what  are  termed  "Interferences,"  where-  "intar- 
by  two  distinct  sets  of  tide  waves,  in  their  combination,  produce  'erenoei." 
apparent  rest.     These  complications,  when  they  occur,  require 
most  careful  and  lengthened  investigation  before  they  can  be 
traced  back  to  their  true  sources. 

At  Southampton  there  is  a  double  High  Water,  the  second  TM\^y  peon- 
occurring  within  two  hours  of  the  first      The  fall  in  the  interval  narity  at 
does  not  amount  to  more  than  9  inches,  although  the  Rise  and 
Fall  between  High  and  Low  Water  is  13  feet     The  main  features 
of  this  peculiarity  are  thus  explained : — 

The  iruhare  eastern  or  fiood  stream  runs  past  the  Needles  into 
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the  Solfiit,  and  nmkes  High  Water  at  Soathamptou  in  tlie  ortlio- 
dox  manner.  Tho  tide  then  falla  a  little  with  the  last  of  the 
stream  ;  but  when  it  turns  to  the  westward  inshore,  a  preat  body 
of  water,  favoured  by  the  sbape  of  the  land,  unites  with  the  last 
of  the  outside  eastern  stream,  still  flowing  round  the  south-eastern 
part  of  the  island,  and  both  run  into  the  back  of  the  Wight,  by- 
way of  Spithead.  Now,  the  outlet  for  it  between  Hurst  Point 
and  the  Needles  being  much  smaller  than  the  eastern  eliannel  by 
which  it  entered,  the  returning  water  gets  pent  up,  and,  in  oase- 
queace,  there  is  a  general  rise  in  the  Solent  At  Calshot  Castia 
the  tide  forks — one  branch  going  out  by  the  Needlea,  and  the 
other  flowing  up  Southampton  Water,  which  lies  open  like  a  trap 
in  the  direct  course  of  the  main  current,  and  so  causes  a  meond 
High  Water.  This  is  succeeded  by  a  uniform  but  rapid  fall, 
lasting  about  3^  hours. 

To  the  mariner  the  knowledge  that  the  High  Water  at  Sooth- 
ampton  remains  nearly  stationary  for  rather  more  than  two  hours, 
may,  in  some  cases,  be  important 

At  Havre,  on  the  north  coast  of  France,  though  the  spi-ing  rise 
is  22  feet,  the  "  stand  "  at  High  Water  lasts  one  hour,  with  a  riao 
and  fall  of  3  or  4  inches  for  another  hour,  and  only  rises  and  fall* 

113  inches  for  the  space  of  three  hours.  This  long  period  of 
nearly  slack  water  b  very  valuable  to  the  traffic  of  the  port,  and 
pei-mits  a  larger  number  of  vessels  to  enter  or  leave  the  docks  on 
the  same  tides  than  would  otherwise  be  the  casa 
The  tides,  then,  are  not  all  plain  sailing,  as  might  be  supposed; 
and  it  would  be  almost  impossible  for  any  one  man  to  make  him- 
self acquainted  with  the  peculiarities  of  those  on  our  own  ooaata 
alone,  unless,  indeed,  he  had  no  other  employment. 

For  tho  direction  and  rate  of  tlie  tide  in  the  Channel  at  any 
,  given  time  or  place,  the  navigator  must  consult  the  Admiralty 
EngiidiGhM- Sailin"  Directious  and  Tide  Tables.  In  the  latter,  the  English 
Channel  and  North  Sea  are  divided  into  compartments,  in  which 
tho  Correct  Magnetic  direction  and  rate  of  the  tidal  streams  is 
given/oTCT'cny  hour  c^  the  ti-tk  at  Doi-er.  The  tables  for  the  Irish 
Sea  are  leas  clalwrate,  but  they  contain,  neverthwlcsa,  much  valu- 
able information. 

Although  in  these  pages  it  would  bo  impossible  to  enter  into 
dotwis,  a  few  wonis  may  be  said  about  the  general  rules  which 
govern  the  main  system  of  tides  roand  about  our  shorea 

Reference  to  the  Co-tidal  Map  facing  page  19*  will  shew  thai 
the  tide  wave  coming  in  from  the  Atlantic  uplita  on  the  west  coast 
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of  Ireland.     One  part,  going  northward,  sweeps  round  by  Inish-  Direotion 
trahul  and  the  Giant's  Causeway,  and  enters  the  George's  Channel  Tidia  WAva 
between  Rathlin  Island  and  the  Mull  of  Cantyre ;  the  other  part,  «wind  ott^x 
going  to  the  southward  round  Cape  Clear,  enters  the  same  chan-  Ireland, 
nel  between  Tuskar  and  St.  David's  Head.     These  streams  pursue 
their  respective  courses  till  they  meet  at  the  "Head  of  Tide,"  " Head  of 
which  is  upon  an  imaginary  line  drawn  from  Dundrum  BayciuumeL 
through  the  Isle  of  Man,  towards  Barrow-in-Furness.      At  the 
junction  of  the  two  tides  occurs,  as  may  be  expected,  the  greatest 
rise  and  fall,  amounting  to  15  feet  on  the  Irish  side,  and  double 
that  amount  on  the  English. 

To  the  westward  of  the  Isle  of  Man  we  find  an  "  Interference." 
The  two  streams,  flowing  in  exactly  contrary  directions,  here 
destroy  each  other,  so  that  no  current  is  at  any  time  perceptible, 
and  the  bottom  of  this  region  of  still  water  is  characterized  by  a 
deposit  of  fine  blue  mud. 

To  the  eastward  of  the  Isle  of  Man  the  tidal  currents  meet  at 
an  angle,  and  flow  on  together  with  increased  vigour  towards 
Morecambe  Bay  and  Liverpool,  making  High  Water  at  these 
places  seven  hours  after  its  occurrence  at  theii*  point  of  separation 
near  the  Skelligs. 

O&hoots  of  this  same  parent  tide  wave  enter  the  English 
Channel  and  (German  Ocean,  the  latter  coming  round  "north 
about"  These  two  tide  waves  bring  High  Water  to  the  south 
and  east  coasts  of  England  respectively,  and  also,  like  those  in 
the  Irish  Channel,  have  a  place  of  meeting,  or  "Head  of  Tide,'' *' Head  of 
which  for  ikem  is  found  in  the  Straits  of  Dover.  1^^^!^^?* 

An  investigation  of  the  tidal  streams  of  the  Irish  Sea,  by  the 
late  Admiral  W.  F.  Beechey,  RN.,  brings  to  light  the  important 
fact  that,  notwithstanding  the  variety  of  times  of  High  Water 
throughout  it,  the  turn  of  the  stream  over  all  that  part  which 
may  be  called  the  fair  navigable  portion  of  the  Channel,  is  nearly 
Hmtdianeous. 

The  northern  and  southern  streams  in  both  branches  of  the  n^,.^^!^  p^^ 
Channel  commence  and  end  in  all  the  fairway  parts  at  nearly  the  of  reference 
same  time;  and  that  time  corresponds  closely  with  the  time  of  ciuumeitidei. 
High  and  Low  Water  on  the  shore  at  the  entrance  of  Liverpool 
and  of  Morecambe.     So  that  it  is  necessary  only  to  know  the 
times  of  High  and  Low  Water  at  either  of  these  places,  to  deter- 
mine the  hour  when  the  stream  of  either  tide  will  commence  or 
terminate  in  any  part  of  the  Channel,  outside  the  influence  of  the 
inshore  eddies.     For  this  purpose  the  Liverpool  Tide  Tables  may 


be  used,  subtracting  IS  nilnutes  from  the  times  there  ■ 
consequence  of  H.W.  at  George's  Pierhead  being  that  nm 
than  the  point  which  is  considered  the  "  Head  of  Tide." 

Now,  since  it  is  low  watci'  at  Queenstown  at  the  same  time 
that  it  is  high  water  at  Liverpool,  it  follows  that,  midway 
between  the  two  there  must  be  a  place  of  comparatively  little 
Rise  and  Fall ;  and  this  in  the  South  channel  b  found  to  be  on  a 
line  joining  Courtown  and  Cardigan  Bay,  and  in  the  North 
channel  on  a  line  joining  Fairhead  and  tbe  Mull  of  Cantyra 
"KodjU  The.se  are  termed  the  "Nodal  points,"  and  here  it  is  that  the 

irtah  Glutei  greatest  body  of  water  passes,  and  the  tidal  currenU  are  strongest. 
W«*.  There  are  similar  effects  produced  in  the   English   Channel. 

Careful  experiments,  systeiaatically  carried  out  by  Admiral  Beechey 
and  Captain  Bullock,  R.N.,  prove  that  the  flumnel  streams  meet- 
ing and  sepatating  in  Dover  Strait,  set  uniformly  in  a  diiectioa 
towards  Dover  whilst  the  water  is  rising  at  that  place,  and  away 
from  it  when  it  is  falling.  To  be  governed  by  this  law,  a  vessel 
must  be  either  in  that  portion  of  the  channel  situated  between 
Beachy  Head  and  a  line  joining  the  Start  with  the  Casqaets,  or 
between  the  North  Foreland  and  a  line  joining  the  Texel  wltll 
the  Humbcr. 

Off  the  mouth  of  the  Engllsli  Channel,  wcaluard  of  a  line 
joining  Ubhant  and  Scilly,  the  stream  will  be  found  running  to 
the  northvxird  and  eaatward  while  the  water  is  falling  at 
Dover,  and  to  the  aoutkiuard  and  weattoard  while  it  U  rinng  at 
that  port. 

In  the  intermediate  section  included  between  a  line  joining 
Ushant  and  Scilly,  and  another  joining  the  Start  and  the 
Casquets,  there  is  a  mixed  tide,  partaking  of  the  joint  directiona 
of  the  tides  east  and  west  of  it,  which  renders  a  written  descrip- 
tion impossible ;  and  the  Admiralty  Tide  Tables  alone  must  bo 
consulted  for  the  direction  and  rate  at  any  particular  hour. 
"iTodal  "^^^  nodal  points  of  the  two  channel  streams  meeting  in  Dovei 

ta^itlh  c^  Strait  are  respectively  at  Swauage  and  Yarmouth. 
saiTidM.  One  or  two  other  important  and  interesting  features  remain  to 

I  he  noticed.     The  Ebb  stream  of  the  Irish  and  English  Channels 

constitutes  the  Flood  of  the  Bristol  Channel ;  and  the  Flood  of 
the  Irish  and  English  Channels  constitutes  the  El>b  of  the  Bristol 
OnmpuiMs     Channel:  so  that,  \^-ithin  a  line  joining  Scilly  and  Tuakar,  the 
M^ud*      *'*'*'  ^'^'  ^  found  running  eastward  towards  the  Bristol  Channel 
Brtrtoiciun-  whilst  the  water  is  falling  at  Liverpool  and  Dover,  and  mnmng 
out  from  the  Bristol  Channel  whilst  it  is  Wn'njr  at  thoae  [ilacea 
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On  its  northern  side,  the  Bristol  Channel  flood  sets  to  the  South- 
eastward, and  on  its  southern  side  to  the  North-eastward.  It  is 
handy  to  recollect,  also,  that  when  it  is  High  Water  at  Liverpool 
and  Dover,  it  is  approximately  Low  Water  at  Cardiff  and 
Queenstown. 

A  few  pages  back  it  was  stated  that  a  vessel  navigating  the  carrying  tli« 
English  and  Irish  Channels  might,  if  she  were  lucky,  carry  the  hoon. 
tide  with  her  for  neiurly  12  hours.      To  show  how  this  could 
happen,  it  is  necessary  to  recollect  that,  at  the  Head  of  Tide,  the 
streams  meet  and  separate  thus : — 

Dover  Strait 

FLOOD  x^  ^        FLOOD 


7mm ^  ^^C ^5555555^. 

Head 

r.f 
Tide. 


SBB  EBB 

Consequently,  if  a  vessel  happens  to  reach  the  Head  of  Tide 
with  the  last  of  the  Flood,  she  will  forthwith  run  into  the  opposite 
Ebb  stream  just  beginning  at  that  point,  and  so  continue  with  a 
favouring  tide  during  the  next  6  hours. 

Such  is  a  rough  outline  of  the  main  features  of  the  tides  on  our 
coasts;  but,  for  the  more  detailed  information  necessary  to  the 
safety  of  a  ship  working  up  or  down  channel  in  dirty  weather, 
the  navigator  is  referred  to  the  Admiralty  publicatioils  already 
alluded  to— from  which  sources  the  foregoing  summary  of  channel 
tides  has  been  chiefly  compiled. 

The  Admiralty  List*  furnishes  the  Times  and  Heights  of  High  Particulari 
Water  for  the  morning  and  afternoon  of  every  day  in  the  year,  at  Admiralty 
the  24  principal  home  ports,  including  Brest     Also,  the  depths  ^***  ^^'^ 
over  the  various  graving  and  wet  dock  sills:  these  are  223  in 
number,  and  comprise  22  ports  in  the  United  Kingdom.     By  aid 
of  a  Table  of  Tidal  Constants,  adapted  to  certain  standard  ports 
of  reference,  the  approximate  times  and  heights  of  high  water 
for  every  d<xy  in  the  year  can  readily  be  found  for  231  British, 
Irish,  and  European  ports,  extending  as  far  as  Heligoland  on  the 
norUi,  and  Gibraltar  on  the  south.     And,  to  finish  up,  the  same 
valuable  work  gives  the  time  of  High  Water  at  Full  and  Change, 
with  the  Rise  at  Springs  and  Neaps,  for  no  fewer  than  3,300  of 
the  principal  places  on  the  globe.     These  last  form  two  distinct 
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tables— one  beiug  arranged  alphabetically,  and  the  otlier  according 
to  the  apparent  progresa  of  the  Tide  Wave. 

In  the  Naritical  Ahianac,  also,  of  each  year,  the  daily  timet  of 
High  Water  at  London  Bridge  are  given,  as  well  as  the  "  Tida 
Hour,"  Full,  and  Change^  for  19S  harbours  and  ports  in  the 
Uuited  Eingilom  and  adjacent  countries. 

The  expression  "  Tide  Hour,"  was  first  introtluced  by  the  lat« 
Lieutenant  Raper,  R.N.,  and  was  intended  by  him  to  supersede 
the  moro  obscure  phrase,  "  Establishment  of  the  Port," 

The  tide- producing  influences  being  the  same  for  each,  the  lime 
of  High  Water  varies  for  different  ports  in  the  same  vicinity, 
owing  to  the  inertia  of  the  water,  and  the  obstruction  it  meets 
■with  from  the  configuration  of  the  sea  bed,  and  the  narrowness, 
length,  and  direction  of  the  channels  along  which  the  wave  ha» 
to  travel  before  reaching  the  port  It  is  obriously  of  great  luari' 
time  importance  to  be  able  to  find  on  any  day  the  time  of  High 
Water  for  the  various  harbours  and  ports  of  the  world,  and  to 
this  end  a  standard  tide  is  fixed  upon,  indicated  by  a  particular 
relative  position  of  the  moon  and  sun,  from  which  the  tJme  of 
every  succeeding  tide  may  in  most  cases  be  deduced.  This  stajid- 
ard  is  called  the  "  Establishment  of  the  Port,"  aud  is  the  time  of' 

siantDtUia  High  Water  at  Full  aud  Change  of  the  moon,  retkoaed  from 
Apjiai-ent  noon ;  or,  in  other  words,  it  is  the  actual  time  of  Higlfc 
Water  after  noon  o£  the  liay  ujkiq  which  the  moou,  at  its  upper 
or  lower  culmination,  passes  the  meridian  at  the  same  time  as 
the  sun.     It  may  be  roughly  determined  on  the  day  of  Full  or 

Vulgar  Eitab-  Change,  and  is  in  this  case  distinguished  as  the  "  Vulgar  Estab- 

K^r^  "^    lishment  of  the  Port" 

It  is  found,  however,  that  in  geueial  any  particntar  tide  u  nol< 
due  to  the  moon's  transit  immediately  preceding,  but  to  a  trausik 
which  has  occurred  a  considerable   time  before,  and   which 
therefore  said  to  correspond  to  it     This  accounts  for  the  highesi 

Cornot  EiUb-  tides  not  occurring  at  time  of  Full  and  Change,  but  from  one  to 

JJJ^**  three  days  after.  The  corrected  or  "  Mean  Establishment  of  the 
Port "  is  the  interval  between  the  time  of  the  moon's  transit  aiij 
the  time  of  High  Water  ou  that  particular  day  which  eontyxMtU 
to  tiie  day  of  Full  or  Cliange.  aud  may  ilifler  conaidcmbly  frtim 
the  Vulgar  ELstablishmeuL  The  Mean  Kstablishincnt  imiy  be 
approximately  determined  by  noting  each  day,  for  a  fortnight, 
the  interval  between  the  moon's  transit  and  succeeding  Higli 
Wat«r,and  taking  the  mean  of  them.  Those  are  tormcl  hntituial 
intfritilt,  and  the  difference  U-twecu   the  grontcst  and  K-ast  ia 
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termed  the  9emi-mentual,  or  Bemi-monthly  ineqaality  of  Times,  8«iiii-meiiiiul 
This  inequality,  unfortunately,  is  not  the  same  for  each  place ;  ^J^^j^^  ^ 
hence  the  time  of  High  Water  at  any  place  cannot  always  be 
aocuraidy  deduced  from  that  at  any  other  place,  by  merely  apply- 
ing the  difference  of  time  between  their  Establishments. 

In  like  manner  the  semi-mensual  inequality  of  Heights  forbids  SMni-mfliiiiua 
the  height  of  the  tide  at  any  one  place  being  correctly  inferred  ^^^^  ^ 
from  the  given  height  at  any  other. 

Owing  to  this  semirTnensual  inequality,  the  time  of  High  Water, 
as  deduced  from  the  Vulgar  Establishment,  is  open  to  an  error 
amounting  in  extreme  cases  to  a  couple  of  hours :  it  is  therefore 
to  be  regretted  that,  from  insufficient  data,  the  Admiralty  List 
does  not  give  the  Corrected  Establishment  for  every  port  men- 
tioned, nor  indeed  does  it  always  specify  which  is  which. 

This,  however,  is  a  defect  which,  as  our  tidal  knowledge  of  out- 
of-the-way  places  becomes  more  complete,  will  be  more  or  less 
rectified  each  succeeding  year.  In  the  meantime,  it  may  generally 
be  accepted  that  the  Tide  Hour  of  all  the  Home  Ports,  and  that 
cl  the  principal  ones  abroad,  is  represented  in  the  list  by  the 
Corrected  Establishment. 

Where  the  tides  are  pretty  regular,  which  is  mostly,  though  not 
always,  the  case  round  our  own  coasts,  the  table  on  next  page  may 
eome  in  useful  when  it  is  required  to  know  the  depth  of  water 
over  a  rock,  bar,  or  bank,  at  some  particular  hour  of  the  tide. 

If  the  Rise  for  the  day  is  not  exactly  known,  it  may  be  inferred  ■«▼  ^  ••**• 
from  the  Spring  and  Neap  Rise  given  on  the  chart.    For  instance,  Bise  for  tii« 
if  the  Mean  Spring  Rise  at  Devonport  Dockyard  is  15j^  feet,  and  **^* 
the  Neap  Rise  12  feet^  one  might  fairly  assume  the  Rise  midway 
between  Springs  and  Neaps  to  be  about  13f  feet. 
From  this  can  be  deduced  the  range  for  the  day  as  follows : — 

FT.    IN. 

Mean  Spring  Range  or  Rise 15    6  rr.  iir. 

AflBumed  Rise  for  the  day 13    9    .     .     13    9 

Difference 19..       19 

AaBomed  Rise  -  Diff  =  Mean  Range  for  the  day 12    0 

ITie  following  Table  shews  the  approximate  height  of  the  tide 
in  feet  and  decimal  paHs,  for  any  time  before  or  after  High 
Water,  at  intervals  of  twenty  minutes : — 


USEFUL    TIDE  TABLE. 


of  Water  oyer  1"'"'  T^npe  for  the  d»y  ii  to  b«  sougt 
«.«  Plane  of  ,^    ^  j^  („„^j  ^  ^^^  „^^  , 

Keterence  at 

My  given  WaUr,     Tho  taUa  U  only  ioiUfcle  b 

tlma  of  Tida. 


t  tiir  in  either  sde  coiamn,  and  the  mjnirad 
uriiontal  linn  under  the  giien  time  (mn  High 
Buch  pUee*  u  have  regular  tidea. 


I 


1 

Time  of  Tide  befork  ok  after  High  Water. 

o"- 

I>>- 

ah. 

3" 

,. 

S"' 

6»i 

m.     m.     m. 

m. 

-a 

o     ao 

40 

0      JO 

40 

0 

io 

40 

" 

2U 

40 

0 

■JO 

40 

40 

3 

iW  to 

1-9    t-8 

i-fi 

i-3 

i-o 

o-i 

0-7 

04 

o-» 

01 

0-0 

2 

4 

Jl 

!■; 

S-6    5-i 

4C 

8-0   7-; 

Ti 

7-s!  r> 

V^ 

4-' 

r- 

ar 

r: 

0-. 

ol 

lU 

loo  99 

91 

9-3   89 

7S 

5'9 

S'o 

4' 

33 

a'i 

i-S 

07 

03 

o-i 

" 

10 

13 

iroii'o 

1 1-6 

...L* 

*)■' 

9-0 

81 

7-0 

6-0 

■(■o 

T9 

10 

ri 

•■4 

08 

04 

01 

0 

,1 

14 

140  I3'! 

[3'iia-i 

IIS 

'Pi 

•»< 

71 

4 

VS 

2! 

11 

Ol 

O'. 

14 

16-0  1  S'9 

-4I 

MS 

q-c 

■;■< 

lu 

raoiigS 

19'4 

"■' 

'77 

ij-o 

I J '4 

11  V 

100 

»-3 

SO 

3-6 

«J 

'J 

oa 

" 

ao 

12 

ij-oai-S 

111 

20-S 

")4 

181 

ifi-S 

I4'8 

ta-q 

IIV 

Q-l 

7'2 

s''; 

r« 

2-fi 

"S 

0-7 

0-, 

0 

ai 

H 

H-o\iy\ 

IV- 

21  ■: 

">; 

14- 1 

IK 

gi 

7' 

a1 

If 

0-1 

S 

2b 

»6ola5 1 

avi 

24-323^ 

19S 

17'^ 

;ii 

lO'; 

b'S 

3» 

'■5 

o': 

273 

i\\ 

14-t 

M-( 

■»■: 

o-t 

iS| 

JO 

jo-o  29  8 

19-1 

280 

^t-s 

»i 

ItUI 

■  i. 

124 

99 

75 

54 

35 

0-9 

" 

^1 

P-OK-^ 

299 

28' 1 

26-, 

14.0 

18-i 

.60 

8'o 

i-i 

IQ 

o-J 

0 

1 

w 

34  ■0,33'; 

lo-t 

37-f 

21-'; 

14c 

in 

a-! 

34 

14"' 

20-( 

27  ■< 

24: 

iS-c 

i4-< 

II) 

q-c 

6-. 

l8 

^6: 

ir' 

^s-s 

'M 

a2-- 

:9c 

61 

tf 

40 

40-0397 

38-8 

37-3 

3S3 

3j-^ 

30^ 

»35 

200 

.6-5 

I3» 

7' 

47 

37 

12 

03 

" 

40 

43 

^■0417 

407 

28-2 

24-6 

31 -o 

17** 

n-f 

18 

0 

43 

44 

44-0  43'; 

4>-; 

li-ihS-t 

,6, 

1V0 

29- ■; 

2^8 

'4S 

7' 

1-1 

!■. 

'' 

03' 0 

44 

48 

4VJ 

J6-0.32-C 

J4': 

'Vf 

8t 

v( 

oJo 

S" 

5o-c.J49-6|48-S'46  7;44'i 

37-5'33-6 

193 

iS'o 

■"'■■' 

174 

12-S 

S"9| 

3  3 

■  S,  04l  0 

50 

To  see  liow  the  Table  will  comiiare  with  the  one  (B)  in  tb« 
Admiralty  list,  which  is  specially  drawn  up  for  oso  with  the 
heights  given  in  its  onii  columns,  we  will  create  and  work  out  aa 
example  ot  two  by  both  methods. 

The  Pollock  Rock,  in  Hatuoaze  (Pl^-mouth  Sound),  has  18  feet 
on  it  at  Mean  Low  Water  Ordinary  Springs:    What  depth  will 
to  find  uie      there  be  over  it  on  the  9th  of  liecembtr,  ISbl,  at  Jh.  loia.  aft«r 
Depth  of         High  Wat«r  in  the  afternoon  l 


I 


Water  over  ■ 
ClTta  tlmeof 


Entering  the  Table  with  12  feet  tm  the  usBumed  Range  for  the 

liuy,  nnil  Sh,  lOiii.  after  U.W.,  wc  find  by  iiilcn«lfttiiiti  .    .  8  6^ 

Di^iithonlherockat  LW.O.Sv 18  00 

Dili:  between  M3.R  and  Kise  for  the  day 1  » 


l>rl.th  o 


r  thr  ropk  on  Decctnber  9tJi,  al  2h.  10m.  after  H.W.  .    ffl      Sj 
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According  to  Admiralty  Tables, 

rt,  ur. 
HMghi  of  Tbto  abore  Cbe  maAn  level  of  L.  W.  O.  8.,  by  the  Tables  (pa^e  OOi 

Oeoambar  9th,  1881 18    © 

Half  Mean  ^^g  Bang*  (glvMi  at  foot  of  same  column) 70 

H^gfat  of  B.  W.  aboTt  half  tida  or  mean  lerel  of  the  eea,  Ihc^tnUr  9th    •  -     6   0 

rr  IK. 

Bftif  Mean  Spring  Range 7    9 

ByTW»le<B)flft  Ota.  andXh.  10m.giTe 2    6 

Depth  on  the  Rock  at  L.  W.  0. 8.,  aa  per  chart 18    0 

Depth  over  the  Rock  on  December  9th,  at  Sh.  10m.  after  H.W 28    8 

In  ihis  example  the  difference  is  only  half  an  inch,  which  is 
not  worth  talking  about.  Let  us  take  another,  where  the  datum 
line  for  soundings  is  the  low  water  level  of  EquiTioctial  Springs, 

Acoording  to  Admiralty  Plan  No.   2011,  the  Stag  Rock  inEzampto 
Holyhead  Bay  carries  13  feet  over  it  at  Low  Water.     The  same  pume  ©f  Re, 
plan  contains  a  notice  that  "the  soundings  are  reduced  to  an J^^'^^ti* 
Equinoctial  Spring  Tide  of  20  feet,  which  is  about  2  feet  lower  leyei  of  L.  w. 
than  the  Ordinary  Low  Water  Springs."    What  depth  will  there  ®-  "• 
be  over  the  rock  on  the  10th  December,  1881,  at  Ih.  40m.  before 
H.W.  in  the  afternoon  ?    The  plan  gives  the  Mean  Spring  Rise 
as  16  feet,  and  the  Neap  Rise  as  12 J  feet ;  accordingly,  the  rise  in 
Holyhead  Bay  on  the  day  in  question  may  be  assumed  as  14^  feet 
above  the  level  of  Mean  Low  Water  Ordinary  Springs.     This 
would  give  12}  feet  as  the  range  for  the  day. 

FT.  IK. 

bterfaif  the  T&ble  with  12^  feet  as  the  aaaumed  range  for  the  day,  and  lb.  40in. 

before  H.W.,  we  find 10    8 

Depth  orer  the  Rock  at  L.W.,  Eqalnoctial  Springe I3    0 

Bf^wKiial  SprlDge  lower  thui  Ordinary  Springs 20 

Dlff.  between  M.  8.  B.  and  rise  for  the  day 19 

Depth  over  the  Stag  Bock  on  December  10th,  at  lb.  40m.  before  H.W.  •    S7    0 


According  to  Admiralty  Tables, 


rt.  w. 


Bsight  of  B.W.  by  the  Tablea  (page  05)  abore  the  mean  lerel  of  L.W.  Ordinary 

[e4)ringB,  December  10th»  in  the  afternoon U    8 

Halt  Mean  Spring  Range 80 

Height  of  H.W.  above  Half«tide  or  Mean  Sea  Level,  December  10th    ....  q    g 


FT.  w. 
Half  Mean  Spring  Range gO 

By  Table  ('S^.Mk  Sin.  and  Ih.  40m.  giro 8  11 

Depth  over  the  roek  at  L.W.  Equinoctial  Springs,  per  chart 18   0 

JSTirffioeftal  Sinlags  tower  than  Onfifiofy  Springs        .......20 

Depth  over  the  Stag  Rook  on  December  10th,  at  lb.  40m.  before  H  W.  -       -    26  11 
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What  will  be  the  depth  over  the  Stag  Rock  at  Mean  Low  Water 
Ordinary  Springs,  Mean  Low  Water  Ordinary  Neaps,  and  Low 
Water  of  Equinoctial  Springs  ?  The  plan  gives  the  neap  range  as 
9  feet.  Work  these  out  "by  way  of  practice,  and  if  yoa  do  it 
correctly  the  answers  will  be, — 

FT.  IV. 

Depth  over  the  Stag  Rock  at  Mean  Low  Water,  Ordinary  Neaps      18    6 

I,  „  „  „  „  „       Springs    lA    0 

„  „  Equinoctial  „         13    0 

Tidal  Ola-  The  following  diagram  shews  the  graphic  method  by  which  the 

lug  how  tha  preceding  Tidal  Table  is  constructed.  It  ia  given  here  in  prefer- 
Tabl«Ucaii-  ence  to  the  method  by  calcuJHtion,  which  last  is  not  nearly  bo 
instructive. 

To  construct  the  diagram  in  the  first  instance.     Draw  a  vertii 
line  as  a  Tide  Gauge  to  represent  the  given  Rise,  say  50  feet. 

For  the  sake  of  accuracy,  choose  a  fairly  large  scale  for  your 
diagram :  iV  of  an  inch  equal  to  a  foot,  is  a  very  convenient  size. 
If  you  should  adopt  this  scak',  the  vertical  line  will  be  exactly  5 
inches  high,  since  5  tens  are  50.  With  an  ordinary  boxwood  or 
ivory  plotting  scale,  marked  decimally,  divide  the  Tide  Gauge  into 
feet,  working  from  the  bottom  upwards.  Then  from  the  25  feet 
mark  as  a  centre,  describe  a  circle,  with  a  radius  of  2J  inches. 
Divide  the  right  and  left  hand  semicircles,  each  into  18  equal 
parts,  by  stepping  round  them  with  a  pair  of  dividers.  These  18 
parts  will  represent  hours  and  thirds  of  an  hour  between  High 
and  Low  water,  the  duration  of  a  tide  being  taken  in  round 
numbers  as  6  hours,  which  in  practice  is  sufficicni  Name  them 
as  shewn  in  the  diagram. 

Connect  similar  internals  on  each  side  by  parallel  horizontalj 
lines:  where  these  lines  cut  the  Tide  Gauge  will  be  found  the 
lieight  corresponding  to  the  time  of  high  water.  For  instance, 
the  line  indicating  4h,  20bq.  before  or  aft«r  high  water,  cuts  the 
Gauge  at  89  feet,  which  accordingly  would  be  the  depth  above 
your  plane  of  reference  (Mean  I*ow  Water  Ordinary  Springs)  at 
that  time  of  Tide. 

Tliia  particular  circle  only  shows  the  tabular  values  for  a  Rise 
of  50  feet.  To  fill  up  the  remainder  of  the  Table,  a  circle  must 
be  drawn  for  each  Rise  given  in  the  side  column. 

Id  the  diagram  here  given,  the  lines  outride  of  the  circle-—, 
above,  below,  and  to  the  left — have  nothing  whatever  to  do  witK] 
the  conntruction  of  the  Table.  They  are  merely  introduced 
assist  the   Admiralty  diagram  on   page   18*3  in  explaiDing 
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meaning  of  the  various  terms  employed  in  connection  with  the  influence  of 

tAAtttk  In 

Height,  and  Rise  and  Fall  of  the  Tide.  retarding  the 

In  a  foot-note  to  page  252,  some  slight  reference  is  made  to  the  ^Jjj^j^^  ^^ 
frictional  effect  of  the  tides  in  retarding  the  rotatory  motion  of  eartiL 
tlie  earth.  The  writer  thinks  that,  by  way  of  a  fit  conclusion  to 
this  chapter,  he  cannot  do  better  than  quote  Professor  P.  Q.  Tait 
on  this  interesting  subject*  Speaking  of  Sir  William  Thomson's 
reasoning  as  to  the  probable  age  of  the  earth,  he  goes  on  to  say : — 
"The  second  of  these  arguments  of  Sir  William  Thomson 
depends  upon  the  tidal  retardation.  In  my  first  lecture  I  men- 
tioned to  you  that  there  was  such  an  effect,  and  that  it  had  been 
actually  observed  by  astronomers  in  a  very  peculiar  way ;  because, 
on  calculating  back  from  the  known  present  motion  of  the  moon, 
it  was  found  that  there  must  be  some  unrecognised  peculiarity  in 
that  motion  which  had  not  been  deduced  by  calculations  founded 
upon  gravitation,  either  as  attraction  or  as  disturbance  The 
moon,  in  fact,  seems  to  have  been  moving  quicker  as  time 
has  gone  on,  since  the  eclipses  of  the  fifth  and  eighth  centu- 
ries before  our  era  The  only  way,  as  Laplace  put  it,  in 
which  it  could  be  accounted  for  in  his  time,  was  by  what 
he  called  'secular  acceleration  of  the  moon's  mean  motion.' 
In  other  words,  the  average  angular  velocity  with  which  the 
moon  moves  round  the  earth  appears  to  have  been  increasing 
for  the  last  2,000  years  or  more.  He  shewed  that  there  was  a 
mode  of  accounting  for  this  by  planetary  disturbance  of  the 
earth's  orbit ;  and,  as  calculated  by  him,  this  explanation  seemed  to 
account  for  exactly  the  amount  of  acceleration  which  was  observed 
in  the  moon's  motion.  Using  his  formulae,  and  the  numbers  cal- 
culated from^  them,  and  working  back  to  those  old  days,  we  find 
we  arrive  at  almost  the  circumstances  of  those  eclipses,  as 
described  by  historians. 

*  Fortunately,  Adams,  a  few  years  ago,  revised  Laplace's  investi- 
gation, and  found  that  he  had  neglected  a  portion  of  the  necessary 
terms>  and  that  the  explanation  given  by  Laplace,  when  properly 
corrected,  accounted  for  only  one-half  of  the  phenomena  observed; 
BO  that  there  still  remained  one-half  of  the  quantity  to  bo 
accounted  for.  This  could  not  be  accounted  for  by  the  disturbance 
of  other  bodies  attracting  the  moon.  Why,  then,  does  the  moon 
appear,  every  revolution,  to  be  moving  faster  and  faster  round 
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the  earth  f  Well,  iho  only  way  in  which  we  can  explain  it,  after 
we  have  made  every  possible  allowance  for  effn-cts  of  disturbance 
by  other  planets,  is  simply  to  enquire — Does  our  measure  of  time 
continue  the  same  ? 

"  We  measure  the  time  of  the  moon's  revolution  in  terms  of  1 
hours,  minutes,  and  seconds;  but  these  hours,  minutes,  and 
fieconds  are  measured  for  us  not  by  our  clocks,  as  you  may  at  first 
think.  We  set  our  clocks  by  the  earth's  rotation,  and,  tlierefoiv. 
>t  is  in  terms  of  the  earth's  rotation  that  we  measure  the  time  of 
the  moon's  revolution  round  the  earth.  So  that  the  moon  will 
appear  to  be  moving  quicker  round  the  earth,  even  suppotung  her 
orbit  be  altogether  undisturbed,  if  tW  earth  itself,  which  is 
furnishing  the  unit  of  time  in  which  ber  revolution  is  to  he 
measured,  is  rotatini^  ^l^we^  and  slower  friMn  age  to  age. 

"Then  comes  the  question.  Is  there  a  cause  which  toads  to 
slacken  the  earth's  rotation?  Newton  laid  it  down,  in  his  first 
law  of  motion,  that  motion  unresisted  remains  uniform  for  ever ; 
and  referred  to  the  earth  an  a  particular  instance,  where  titers  is 
nothing  in  the  attraction  of  the  sun  or  iuo<mi,  or  the  disturbanc« 
caused  by  any  of  the  othvr  planets,  aflfecting  the  rate  of  its  rota- 
tion about  its  axis. 

"  But  it  was  left  to  Kant,  Qist  of  all,  to  puiiit  out,  aud  even  to 
approximate  iu  amount  to,  a  resistance  to  the  earth's  rotation, 
due  to  the  tide-wave;  and  to  show  that  the  earth — because  th« 
tide-wave  is  lifted  up  towards  the  moon,  and  on  the  opposite  ^de 
from  tho  moon — has  constantly  to  rotate  inside  what  is  practically 
a  friction-brake.  I'lie  water  is  held  back  by  the  attraction  of  the 
sun  and  moon,  and  the  earth  has  to  move  inside  this  shell  of 
water.  There  is,  therefore,  a  source  of  constant  friction,  and 
friction,  of  course,  constantly  produces  development  of  heat. 
The  heat  must  be  accounted  for  by  some  energy  transformed, 
and  what  is  here  transformed  is  part  of  the  energy  of  the  i.'«rth'a 
roUition  about  its  axis.  So  long  as  tides  go  on,  there  wdl 
therefore  be  constantly  a  retardation  of  the  rate  of  the  earth's 
rotation. 

"Now,  let  OS  see  when  this  relaxation  of  the  earth's  rotation 
would  cease.  Obviously  this  would  be  at  the  instant  whcu  tho 
earth  at  last  ceased  to  rotate  within  the  tide-wave ;  in  other 
words,  when  the  tide-wave  rotetvs  along  with  the  earth — whea 
it  is  alyraya  full  tide  at  one  and  the  .xume  portion  of  the  earth'* 
flurface^tlie  tide-wave  being  6xed  (as  it  were)  upon  lh«  carth'« 
Burfaca     Rut  the  tide-wave  is  always,  approximately  at  [c«.it. 
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directed  towards  the  moon,  so  this  part  of  the  surface  where  the 
tide-wave  is  fixed  for  ever  must  be  constantly  turned  towards  the 
moon.      In  other  words — if  there  were  no  sun-producing  tides, 
but  the  moon  only,  the  final  effect  of  the  tides,  in  stopping  or 
quenching  the  earth's  rotation,  would  be  to  bring  the  earth  con-  "^^^  *w™» 
stantly  to  turn  the  same  portion  of  its  surface  towards  the  moon,  itiazit  whiiit 
and  therefore  to  rotate  about  its  axis  in  the  same  period  as  *^^^  J^^^*oi 
in  which  the  moon  revolves  about  it.       This  m  >st  remarkable  uon  round 
ultimate  effect  we  see  already  produced  in  the  muon, — it  is  pre-  ^^  ••^ii. 
cisely  the  same  thing, — we  see  the  moon  turning  almost  exactly 
the  same  portion  of  its  surface  to  the  earth  at  all  times.     The 
little  deviation  we  see  occasionally  is  precisely  accounted  for  by 
the  fact  that  the  moon's  orbit  is  not  exactly  a  circle,  and  there- 
fore the  moon  does  not  move  in  it  with  the  same  rapidity  when 
it  is  nearest  the  earth  as  it  does  when  it  is  furthest  away  from 
the  eartL     We  are  thus,  as  it  were,  enabled  occasionally  to  see  a 
little  round  the  corner.     The  moon  is  now  rotating  precisely  in 
the  way  in  which  the  earth  will  in  time  rotate,  when  as  much  as 
possible  of  its  energy  of  rotation  is  used  up  in  producing  heat  by 
tidal  JTriction.     And  that  the  moon  should  already  have  come  into 
this  state  so  long  before  the  earth  has  arrived  at  it,  need  not  sur- 
prise us.     The  moon's  seas  (when  she  had  them)  were  of  molten 
lava, — far  more  viscous  than  water ;  and  the  tide-raising  force  on 
her  surface  depended  on  the  mass  of  the  earth,  some  eighti/  times 
greater  than  that  of  the  moon,  which  is  the  main  agent  in  our 
comparatively  puny  tides. 

"  It  being  thus  established  that  the  rate  of  rotation  of  the  earth  Dediiction  r 
is  constantly  becoming  slower,  the  question  comes :  How  long  ago  eartiu 
must  it  have  solidified  in  order  that  it  might  have  the  particular 
amount  of  polar  flattening  which  it  shews  at  present  ?  Suppose, 
for  instance,  that  it  had  not  consolidated  less  tlian  a  thousand 
million  years  ago.  Calculation  shews  us  that  at  that  time,  on  the 
most  moderate  computation,  it  must  have  been  rotating  at  least 
twice  as  fast  &s  it  is  now  rotating.  'I'hat  is  to  say,  the  day  must 
have  been  12  hours  long  instead  of  24.  Now,  if  that  had  been 
the  case,  and  the  earth  still  fluid  without,  or  even  pasty,  that 
double  rate  of  rotation  would  have  produced  four  times  as  great 
centrifugal  force  at  the  equator  as  at  present,  and  the  flattening 
of  the  earth  at  the  poles  and  the  bulging  at  the  equator  would 
both  have  been  much  greater  than  we  find  them  to  be. 

"  We  say,  then,  that  because  the  earth  is  so  little  flattened,  it 
must  have  been  rotating  at  very  nearly  the  same  rate  as  it  is  now 
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rotatin<r  when  it  became  solid.  Therefore,  as  its  rate  of  rotation 
is  uadoubtedly  becoming  slower  and  slower,  it  cannot  have  been 
many  millions  of  years  back  when  it  became  solid,  else  it  would 
have  solidified  into  something  very  much  flatter  than  we  find  it 
That  argument,  taken  along  with  the  first  one,  probably  reduces 
the  possible  period  which  can  be  allowed  to  geologists  to  some- 
thing less  than  ten  millions  of  yeara" 

The  foregoing  is  certainly  very  wonderful,  and  philosophers 
may  be  correct  in  their  surmises  as  to  the  age  of  the  world,  but 
who  shall  say  how  far  distant  is  the  end. 


CHAPTER    XVIL 

FOG    AND     FLOATING     ICE. 

It  has  been  scientifically  demonstrated  that  the  air  is  capable  RetentloiL  of 
of  taking  up  a  certain  amount  of  moisture,  and  of  retaining  it  ^J^**^"*  ** 
suspended  in  a  perfectly  invisible  gaseous  state.  As  a  matter  of 
fact,  the  ordinary  atmospheric  air  we  breathe  contains  at  all  times 
more  or  less  water  so  suspended.  The  higher  the  temperature  of 
the  air,  the  greater  its  capacity  for  the  retention  of  water  in  this 
invisible  form. 

Steam,  which  is  nothing  more  than  water  at  a  high  tempera-  steam— wliat 
ture,  and  in  a  gaseous  state,  is  quite  invisible  so  long  as  it  remains 
as  such ;  but  the  moment  it  comes  into  contact  with  anything 
cold,  it  gets  more  or  less  condensed,  and  shews  itself  as  a  white 
vapour,  to  which  Dr.  Tyndall  has  given  the  suggestive  name  of 
water-dust 

This  fact  is  strikingly  illustrated  by  a  working  model  of  an  coasi  modal 
engine  and  boiler,  both  made  of  glass,  in  which,  although  the°'^!^^®*^ 
water  is  seen  to  boil,  no  steam  is  visible,  and  the  engine  moves 
apparently  without  cause.      After  passing  through  various  parts, 
the  steam  finally  enters  the  condenser,  where  it  is  at  once  chilled 
and  rendered  visible  by  a  jet  of  cold  water. 

When  air,  whatever  may  be  its  temperature,  is  fully  saturated 
with  water,  and  will  hold  no  more,  it  is  said  to  be  at  the  "Dew-  ••Dev-point.* 
point"     Now,  this  point  being  reached,  if  the  temperature  be 
lowered  in  any  way,  the  moisture  loses  its  aeriform  character,  and  ' 
is  condensed  into  white  vapour,  termed  cloud  when  high  in  the 
heavens,  and  mist  or  fog  when  near  the  earth's  surface. 

The  sea  is  the  great  distillery  or  place  from  which  water  is 
drawn  up  invisibly,  in  its  purest  state,  into  the  air ;  and  this  is 


cbiefly  the  case  in  the  seas  of  tho  tropics,  because  there  the  siiii 
ehines  with  most  power  all  the  j'car  round,  seudiug  a  const^it 
succession  of  heat-waves  to  shake  ihu  water-particles  aauuder. 
It  has  been  foimJ  by  experiment  that,  in  order  to  turn  1  lU  of 
water  into  vapour,  as  much  lieat  must  lie  used  as  is  required  to 
melt  5  lbs.  of  iron;  and  if  one  considers  for  a  moment  how  diffi- 
cult iroii  is  to  melt,  and  liow  an  iron  poker  can  be  kept  in  the  fire 
and  yet  remain  solid,  it  helps  to  realize  how  much  heat  the  sun 
must  pour  down  in  order  to  carry  off  such  a  cootinuoos  supply  of 
vapour  OS  that  which  after^Yard8  appears  to  us  as  rain,  oload,  or 
fog. 

This  latter  result,  so  very  embarrassing  at  sea,  is  produced  in 
a  variety  of  ways,  and  not  infrequently — strange  thuugh  it  may 
appear  at  fiist  thought — by  quite  opposite  conditions,  which,  how- 
ever, it  will  be  seen  are  obedient  to  the  same  law.  Thus,  when 
warm  air  saturated  to  the  "  Dew-point "  passes  over  cold  water, 
the  temperature  of  the  air  is  reduced,  its  moisture  is  condensed, 
and  fog  is  the  consequence.  On  the  other  hand,  wtiea  a  cold 
wind  blows  over  relatively  warm  water,  the  invisible  vapour 
rising  from  the  water  is  chilled,  with  precisely  the  same  result. 
We  have  a  familiar  example  of  this  latter  mode  of  fog  production 
each  time  we  take  a  hot  bath,  and  may  notice  how.  in  cold 
weather,  much  more  vapour  appears  to  rise  from  the  wat«r. 
When  a  deep  ocean  current  is  opposed  by  a  shoal — such,  for 
example,  as  the  Banks  of  Newfoundland — the  cold  water  from 
below  is  driven  to  the  surface ;  and  should  it  happen  to  be  under 
the  "  Dew-point "  of  the  air,  fog  is  the  inevitable  result 

Another  cause  of  fog  is  the  interlacing  of  currents  of  greatly 
varying  tom^ratures,  such  as  are  often  to  be  met  with  in  the 
Ciulf  StreauL  Lastly,  it  must  be  borne  in  mind  that  a  bank  of 
fog  may  bo  drifted  by  the  wind  to  a  corisidtTable  dbtance  from 
whore  it  was  originated,  and  encountered  by  tho  mariner  at  a  sjtot 
where  there  is  little  or  no  difference  between  the  temperatures  of 
the  air  and  surface  water ;  but  such  fogs  riirely  last  long. 

Much  has  been  done  by  various  maritime  governments  to 
modify  the  difficulties  which  fog  presents  to  navigation.  There 
are  others,  however,  which  can  oidy  bo  overcome  by  great  vigi- 
lance on  the  part  of  the  mariner  himself.  Some  fogs — probably 
when  the  water  is  colder  than  the  air — have  a  tendency  to  lie  in  a 
thin  stratum,  which  extends  but  30  or  40  feet  above  tho  surlaco. 
In  Buch  cases  it  is  quite  possible  to  see  over  it  by  ascending  to  tho 
masthead,  from  which  position  wo  may  disc-rn  land,  ic«berg».  or 


NAVIGATION  IN  FOG. 


215 


the  masfcs  of  other  vessels,  when  they  are  quite  concealed  to  those 
on  deck.  Attention  should  therefore  be  paid  to  this  point  when 
sailing  in  fog.  On  the  other  hand,  there  are  fogs  which  do  not 
assume  any  great  density  until  they  have  attained  several  feet  of 
elevation ;  in  which  case,  of  course,  it  is  advisable  to  get  as  low 
down  as  possible,  when  objects  near  the  surface,  such  as  rocks 
and  hulls  of  vessels,  may  be  made  out  at  a  distance  of  half  a  mile 
or  more. 

Some  coasts  are  particularly  exposed  at  certain  seasons  of  the  Foffbeiet 
year  to  visitations  of  fog.  This  is  markedly  the  case  along  the  2J!JI5S[t#JL^ 
coasts  of  Chili  and  Peru.  But  where  the  water  is  very  deep  close 
up  to  the  shore,  and,  consequently,  the  lead  next  to  useless,  there 
are  frequently  high  cliffs,  and  the  coasting  captains  running 
between  ports  only  a  short  distance  apart,  have  no  hesitation  in 
cautiously  approaching  them  at  very  slow  speed,  knowing  that 
with  a  good  look-out  either  the  roar  of  the  surf,  the  "booming" 
of  the  waves  against  the  cliffs,  or  the  echo  of  the  steam-whistle 
will  be  heard  in  sufficient  time  to  warn  of  danger.  Indeed, 
sometimes,  after  groping  carefully  along,  it  is  only  by  the  cessa- 
tion of  sound  shewing  a  break  in  the  coast-line,  that  it  is  known 
that  the  vessel  has  reached  the  entrance  of  the  port.  Of  course 
such  things  were  only  done  in  small  paddle  boats,  by  men  who,  so 
to  speak,  knew  every  foot  of  the  coast,  and  were  well  acquainted 
with  the  speed  of  the  vessels  they  commanded. 

The  approach  to  the  eastern  coast  of  Patagonia,  which  is  asignc 
weather  shore,  is  frequently  notified  by  the  strong  smell  of  the  ^^!^^®  *' 
wood  and  turf  fires  kindled  by  the  natives.     Although  in  /At«  weather 
instance  the  lead  w  a  reliable  guide,  owing  to  the  moderate  depth  ^^^^ 
and  gradual  shoaling  of  the  water,  which  also  gets  smoother  under 
ike  lee  of  the  land;  in  like  manner,  during  a  hazy  night,  the  writer 
on  one  occasion  was  apprised  of  his  near  approach  to  an  island  of 
the  Cape  Verde  group  (Santa  Lucia)  by  the  Trade  wind  coming 
down  to  him  richly  laden  with  the  scent  of  the  orange  groves. 
The  setting  in  or  cessation  of  a  ground  swell,  or  a  change  in  the 
colour  of  the  water,  will  sometimes  notify  as  to  whether  the  ship 
19  on  or  off  soundinga 

All  these  are  indications  which  the  navigator  with  his  senses 
about  him  will  be  fully  alive  to ;  while  a  dull  man  will  let  them 
go  by  unnoticed,  and  possibly  come  to  grief  in  consequence. 

In  the  home  coasting  trade  the  rule  is — "  See  everything  a9  ooastlnff  rule 
you  pass  it ;"  and  this  is  clearly  the  right  thing  to  do  when  the  '^'  ^^** 
weather  is  not  so  thick  as  to  prevent  objects  being  made  out  in 
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ample  time  to  avoid  tliem,  and  when  the  oature  of  the  sliore 
admits  of  its  being  made  fjee  with,  as  it  is  dangeroua  to  plan 
with  edge-toola  Take  care,  however,  that  a  rtally  goo<l  look-out 
is  kef>t.  and  the  lead  never  out  of  hand  By  obeying  thia  old- 
fashioned  rule,  tiiti  navigator  is  able  to  verify  his  reckoning  from 
time  to  time,  and  get  a  fi*esh  departure — a  matter  of  no  small 
value  where  tides  run  strongly,  and  it  is  important  to  gain  a 
port  at  a  certain  time.  Should  this  be  neglected  in  narrow 
wateis,  and  the  fog  shut  down  for  a  "full  due,"  it  is  more  than 
probable,  in  seeking  to  give  danger  a  wide  berth  on  one  ade,  you 
will  lun  into  it  on  the  other. 

When  thick  fog  has  lasted  some  little  time  in  a  channel  beset 

with  shoals  and  swift-running  tides  of  great  range — such,  for 

example,  as  the  Bristol  Channel — the  best  of  navigators  is  apt  to 

AdyiMbuity    lose  the  run  of  his  position.      In  such  cases  the  wisest  plan  is  to 

tr  BTieiKnia J  anchor  while  there  is  plenty  of  water  under  the  vessel's  keel.     It 

is  Kuro  to  clear  up  before  it  comes  on  to  blow  with  any  force. 

At  any  other  time  of  anchoring  than  Low  Water,  do  not  /orpet 
to  allow  for  the  fall  of  the  tide-  In  the  eiistorn  entrance  of 
tiagellan  Strait,  for  example,  where  the  rise  and  fall  is  46  feet, 
and  in  the  Bay  of  Fundy.  where  it  is  yet  greater,  it  wouW  not  do 
to  bring  up  at  high  water  in  less  than  eleven  or  twelve  futhoma 

Southern -going  ve-sscta  bound  down  channel,  with  a  fair  wind, 
will  gain  little  or  nothing  by  hugging  the  shore  in  thick  weather. 
All  thfi/  ruijuire  is  to  shape  a  niid~chan7tel  course,  keep  the  ]ea<l 
going,  au<l  get  out  to  sea  as  soon  as  possibla  Again,  there  is  no 
excuse  fur  n  mitn  who  gets  his  ship  ashore  by  running  close  along- 
side a  nearly  straight  coast  for  hundreds  of  miles  without  being 
required  to  call  at  any  port,  and  with  o|ien  water  all  the  time  on 
ilio  other  side  of  liim.  It  ie  necessaiy  to  discriminate  in  these 
niattera  What  is  ]>rnper  and  nccessjiry  in  the  one  case,  may  be  « 
fuollmrdy  risk  in  another. 
~Hi^  ipMd  la  A  h'gli  rate  of  speed  in  a  fng  cannot  be  jnstitied  by  any  proeesa 
a^bie^"**'  of^  rea>oning  what*oever,  Attemjits  have  often  been  made  to  do 
it;  but  none  of  the  nrgnmenis  brought  forwai-d  will  hold  water: 
aitd  ho  who  runs  blindly  on  ut  such  times,  esjtecially  when  near 
hind,  and  tiusting  solely  to  that  "stnpid  nhl  pilot"  Deo-I-Rj^kon- 
iiig,  U  cti)]>ablc  in  the  liighest  degree.  With  pro|ier  precautions 
nnd  bIow  s|icod,  ve.o.'tels  can  be  navigated  in  a  fog  with  a  done 
Bjiproximation  to  al>solnt(!  safety,  so  fur  as  the  risk  of  getting  on 
shore  is  concerned  ;  but  there  will  alwayM  l^e  the  danger  of  colUsion 
with  another  vps«i>l,  which  i"  even  more  In  be  feared. 
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Within  the  past  few  years,  many  of  the  more  prominent  head-  Tog  tig&aifl-^ 
lands  and  turning-points  have  been  marked  by  the  establishment  JJ'*®'**  itia^ 
of  fog  signals,  such  as  guns,  steam-trumpets,  or  sirens,  and  explo- 
sive rockets ;  while  less  important  shoals  have  been  indicated  by 
aatomatic  signal  buoys,  set  in  operation   by  the  action   of  the 
waves.     All  these  are  of  the  greatest  possible  service. 

Ou  one  occasion  the  writer  left  Liverpool  in  a  dense  fog,  being  Ezampto  of 
guided  to  the  Crosby  and  Bar  lightships  by  the  steam  trumpets  ^JJ**^** 
with  which  these  vessels  are  fitted.  The  Skerries  were  rounded 
at  a  distance  of  three  miles  in  the  same  manner,  the  blast  of  the 
steam  trumpet  being  audible  at  double  that  distance ;  and  when 
off  Holyhead,  the  reflection  of  the  flash  of  the  fog-gun  was  dis- 
tinctly and  repeatedly  seen  in  the  sky  at  an  elevation  of  about 
30**;  this  permitted  its  bearing  to  be  taken,  and  by  listening  for 
the  report,  and  counting  by  chronometer  the  number  of  seconds 
(twenty)  which  elapsed,  the  ship's  position  was  fixed  equally  as 
well  as  cross-bearings  could  have  done  it  in  clear  weather.  For 
such  observations  it  is  sufficiently  coirect  to  allow  5  sec.  per  mile 
as  the  velocity  of  sound.  Of  course  the  lead  w>is  ke[)t  going 
unremittingly,  and  when  the  depth  rendered  the  hand-lead  use- 
less, even  more  accurate  casts  were  obtained  with  Sir  William 
Thomson's  invaluable  sounding-machine.* 

Allied  to  fog  is  the  question  of  danger  from  ice.     It  is  a  popular  Approach  to 
delusion  among  passengers  on  board  ship,   that  by  taking  the  tSi  toy  water^ 
temperature  of  the  water  at  shoi-t  intervals,  the  approach  to  ice  is  tomperaturo. 
unfailingly  indicated.     Unfortunately,  such  is  by  no  means  the 
fact,  and  it  is  time  the  idea  was  exploded.      More  than  ordinarily 
cold  water  merely  shews  that  the  ship  is  in  a  part  of  the  ocean 
where  ice  may  possibly  be  encountered,  and  not  that  it  is  actually 
present 

The  well-known  Labi-ador  Current,  for  example,  is  a  cold  stream 
fliiwing  from  Polar  regions,  and  caiTying  with  it,  during  spring 
and  summer,  enormous  quantities  of  field-ice  and  bergs,  which 
come  down  from  Davis  Strait  It  is  not  the  extra-polar  ice,  how- 
ever, which  causes  the  cold  current,  although  it  is  the  cold  current 
which  brings  down  the  ice ;  consequently,  the  experienced  navi- 
gators of  the  North  Atlantic  know  full   well   when   the   water 


*  From  receut  investigations  it  appears  that  while  the  mariner  may  usually  expect 
to  hear  the  loimd  uf  the  fog-signal  normally  as  to  furce  and  place,  he  should  be 
prepared  for  occasional  aberrations  in  audition.  When  approaching  a  fog-signal  from 
to-windward  he  should  go  aloft ;  and  when  approaching  it  from  to-leeward  the  nearer 
he  eaa  get  to  the  inrfaoe  of  the  water  the  sooner  he  will  hear  the  sonnd. 
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temperature  falls  to  the  eastward  of  the  Bank?,  tlmt  it  ia  necesKiry 
to  be  on  guard  against  the  possibility  or  probability  of  meeting 
ice,  accoi'diag  to  llie  time  of  year 

by  kind  {lermission,  aiid  on  the  unexceptional  authority  of 
Captains  Ballantine.  Dutloii,  and  Sniitli,  of  the  Allan  J^Lail  Steam- 
ship  Line,  all  men  of  higb  standing  in  the  profession,  and  wull 
acquainted  with  ice  navigation,  it  is  here  stated  that  no  appreci- 
able difference  in  the  temperature  of  tba  water  ia  caused  by  tha 
proximity  of  even  the  largest  icebergs;  and  when  one  considers 
what  a  poor  conductor  of  heat  water  is,  their  statement  c&d  b« 
well  believed. 

In  conformity  with  what  ia  known  as  the  law  of  convecLinn, 
water  will  tmnsmit  heat  readily  enough  in  a  vertical  direction. 
Thu3  when  the  liquid  in  the  bottom  of  a  vessel  is  warmed  by  fir«, 
it  becomes  specifically  lighter,  and  accordingly  risea  and  makes 
i-oom  for  the  colder  surface  water  to  flow  down  and  fill  its  pluce ; 
this  cold  water  gels  heated  in  turn,  aud  ho  continually  asceudia;r 
and  descending  currents  are  created,  until  the  temperature  of 
VrDpagrattoD  every  part  alike  is  raised  to  the  boiling  point  The  propagation 
aUMrai  ^^  ''^"^  '"  ^  l<tleral  direction  docs  not  take  place  in  this  manner 
at  all  Heat  spreads  sideways  in  water  by  condu^^ion  alune,  a 
process  which  involves  no  transference  of  the  particlea,  and  is 
very  slow  indeed  as  compared  with  the  other. 

Fur  esaiupic,  the  axis  of  the  Gulf  Stream  in  some  parts  ts 
made  up  of  bands  of  warm  water  which  alternate  with  cold 
ones,  but,  although  running  side  by  side,  they  do  nut  coniminglu 
Further,  the  separation  between  the  deep  blue  waters  of  the  Oulf 
Stream  and  the  cold  counter-current  whicli  runs  down  in-shorc,  i« 
often  80  well  defined,  that  a  ship  may  be  sailing  in  both  at  th« 
name  moment.  From  its  being  so  steep-sldod,  the  inner  current, 
at  line  of  meeting  with  the  Gulf  Stream,  has  received  the  oanig 
"Oold  w«iL"  of  ■'  Cold  Wall,"  and  has  been  known  to  differ  30'  in  lomperatura 
from  the  one  running  close  alongside  it. 

On  the  other  hand,  if  the  Arctic  Current  points  to  a  region  where 
ice  may  be  expected,  it  by  no  means  follows  that  it  will  not  be 
encountered  in  the  Qulf  Stream,  a.s  bergs  have  been  passed  not 
only  in  the  stream,  but  actually  to  the  southward  of  it,  having 
been  carried  there  by  the  iotrer  ocean  currents.  The  possibility 
of  this  will  be  recognised  when  it  is  stated  as  a  matter  of  certainty 
loibvii-  tliat  icebergs  are  seldom  submerged  to  a  less  extent  than  {  ot  their 
■"*"°*"''* "' whole  ma-m,  and  oftentimes  much  more.  Thus  on*  15  fathoms 
igh  would  ordinarily  ground  in  100  fathoms  of  water.     Tliig 
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measurement  is  readily  derived  from  the  relative  specific  gravities 
of  fresh  and  salt  water,  and  the  fact  that  the  volume  of  water  is 
increased  10  per  ceni  when  freezing.  With  the  Barometer  at 
30  in.  and  Fahrenheit's  Thermometer  at  60°,  a  cubic  foot  of  sea 
water  weighs  64-18  lbs.,  a  cubic  foot* of  fresh  water  6250 lbs., and 
a  cubic  foot  of  ice  5S'08  lbs. 

Temperature  is  an  important  element  in  this  calculation,  as  it 
causes  the  density  both  of  water  and  ice  to  vary  considerably : 
thus  the  specific  gravity  of  fresh  water  is  greatest  at  from  39""  to 
W  Fahr.,  and  ice  reaches  its  maximum  volume  at  24''  Fahr.,  below 
which  it  contracts.  It  is  capable  of  proof  that,  from  this  cause, 
ice  at  16*  Fahr.  will  sink  in  water  of  bO^  Fahr.* 

The  same  phenomena  take  place  with  other  substances;  for 
instance,  solid  cast-iron  will  float  when  put  into  molten  cast-iron 
at  a  comparatively  low  temperature ;  but  if  the  molten  cast-iron 
is  at  a  white  heat,  the  solid  iron  will  sink. 

To  rerert  to  the  thermometer  as  a  means  of  detecting  the 
presence  of  ice  by  a  fall  in  the  water.  In  a  letter  to  the  author 
Sir  William  Thomson  says : — 

"  The  conducting  power  of  water  is  so  small,  that  there  would  sir  w.  Thorn- 
be  absolutely  no  cooling  effect  by  conduction  to  a  distance  from  JScto/*^^ 
an  iceberg,  but  there  might  be  a  considerable  effect  by  the  cold  powar  of 
and  light  fresh  water  running  down  from  the  iceberg,  and  spread- 
ing far  and  wide  over  the  surface  of  the  sea" 

This  seems  a  reasonable  supposition,  but  it  is  more  than  likely 
that  the  film  of  cold  fresh  water  would  be  broken  up  by  the 
agitation  of  the  wind  and  waves,  and,  in  any  case,  disturbed  and 
turned  over  by  the  plough-like  action  of  a  vessel's  bow  going  at 
speeOs 

Again,  it  is  well  known  that,  about  the  Banks,  the  Labrador 
Current  is  sometimes  coMer  when  no  ice  is  to  be  seen,  than  it  is 
when  the  contrary  is  the  case.  In  winter  it  even  falls  to  30** 
Fahr.-f"    Large  icebergs  have  been  actually  passed  at  a  distance  of 


*  8«A  water  differs  from  fresh  water  in  that  it  contiuues  to  increase  in  density  as 
the  temperature  is  lowered,  till  freezing  takes  place. 

fin  a  letter  to  the  writer  on  the  same  subject,  Captain  H.  Toynbee,  F.K.A.''., 
Snperintendeat  of  the  Meteorological  0£5ce,  says  :—  '*  As  to  your  question  whether  the 
thermometer  indicates  the  neighbourhood  of  icebergs  ?  I  fancy  it  depends  upon 
whether  the  ship  passes  through  water  whuh  has  been  lately  iD  contact  with  the 
iceberg  or  not.  For  instance,  running  before  the  wind  and  approaching  an  iceberg 
aheady  yon  might  expect  the  water  to  get  colder  as  you  closed  with  it,  an<l  got  into  its 
walre  ;  bat  I  think  in  other  cases  it  would  not  be  safe  to  truat  to  the  temperature  of 
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any  time  on  a  clear  night — especially  if  the  moon  l»  up- 
obtaining  all  he  may  want  in  the  way  of  reliahle  siglita* 

Youngsters  frequently  display  no  little  aptitude  in  bccomiiig 
acquainted  with  the  stars  and  planets.  This  should  alwajrs  bo 
encouraged,  and  once  fiiirly  entered  on  the  subject,  th«y  will  find 
the  study  of  the  heavens  a  moat  absorbing  as  well  as  profitable 
^«.  Anat  occupation  during  the  long  hours  of  the  night  wat<"he«.  A  mata- 
PUnliptwrt.  rial  help  to  the  practical  part  will  he  found  in  tlie  Planisphere 
published  by  Mis.  Janet  Taylor,  which  is  one  of  the  best  of  ita 
kind. 

In  learning  to  recognise  these  bodies,  it  is  just  as  well  to  throw 
on  one  side  as  useless — imJeed.  as  misleading— the  absurdly  gro- 
tesque names  of  the  constellations  given  to  them  by  the  ancients. 
It  is  ranch  better  to  engraft  thera  on  the  memory  by  aid  of  the 
less  fanciful  figures,  such  as  squares,  triangles,  &c,  which  form 
leading  marks  to  the  principal  navigational  stars,  of  which  tliera 
are  some  fifty-five  or  sixty. 

There  is  no  part  of  our  entire  subject  which  the  author  is  more 
anxious  to  press  upon  the  attention  of  tlie  navigator  than  this 
matter  of  star  observation. 

No  reason  exists  why  every  man  in  command  should  not  be 
thoroughly  proficient  at  it.  It  is  within  the  reach  of  all  who 
choose  to  try:  there  are,  however,  men  afioat  who  won't  try.  and 
who  for  downright,  double- barrel  led,  cop|ier-bottomed,  bevulnylgud 
bigotry  are  matchless  in  all  other  pn-ft-ssiona  For  such  as  these 
this  book  is  not  written,  as  they  are  hopeless  cases,  whose  pig- 
headed obstinacy  is  only  equalled  by  their  igaorauee.  Happily 
the  class  will  soon  become  cstluct^ 

It  is  a  true  saying  that  "  there  is  no  royal  road  to  learning." 
Everything  requires  more  or  less  trouble  in  its  attainment  But 
for  the  encouragement  of  those  not  yet  posted  in  navigation  by 
the  stars,  the  writer  can  promise  that  when  once  they  have  taken 
up  the  subject  with  a  fixed  determination  to  master  It,  they  will 
be  agreeably  astonished  at  huw  rapidly  the  dreadnl  difficultivs 
d^^^rnna  "'"  disappear,  and  their  lalwnrs  he  rewarded  by  the  feelingf  of 
balogtftMUlar  Comfort,  and  saving  of  atixiety  at  critical  times,  atfordc<i  by  the 
certain  knowledge  of  their  ship's  wlien-aimnts. 


^ 


'  In  eoanectiaii  vith  thia  ttglij-ct,  it  i>  intartatiiiK  ta  know  Ihkt.  vitb  iKa  %ii  of  • 
■mttU  Mtronami*»l  tol«oop«,  tUn  nrn  ef  t\t  Imrr  miymliiiltt  u*  Jutiacllf  vin'ila 
thnni^himt  Ih*  entin  i\»j ;   but  iIi<>m  in  tho  neigfab-mrhnoil  nf  On  lun  OM  oolf  ba 


lutrunwnu  i>(  olj*BniturU«. 
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This  second  part  of  the  book  is  essentially  one  of  figures,  and 
it  is  desirable  at  the  commencement  to  dwell  upon  certain  im- 
portant points  in  connection  with  their  application. 

The  writer  has  frequently  seen  young  oflScers  laboriously  work-  Needietiiy 
ing  oat  their  sights,  schoolroom  fashion,  to  the  nearest  second,  and  seoondi. 
flattering  themselves  that  because  they  had  done  so,  the  result 
must  be  equally  accurate.     Thii*,  however  praiseworthy  in  other 
respects,  would  ofttimes  shew  an  ignorance  of  governing  principles 
which  it  is  one  of  the  objects  of  this  book  to  seek  to  remove. 

Raper,  in  the  preface  to  his  unsurpassed  work  on  Navigation, 
says : — 

"  Very  indistinct  and  erroneous  notions  prevail  among  practical  Raper'i  re- 
persons  on  the  subject  of  accuracy  of  computation ;  and  much  ing  precision 
time  is,  in  consequence,  often  lost  in  computing  to  a  degree  of^^**'^'^- 
precision  wholly  inconsistent  with  that  of  the  elements  themselves. 
The  mere  habit  of  working  invariably  to  a  useless  precision,  while 
it  can  never  advance  the  computer's  knowledge  of  the  subject,  has 
the  unfavourable  tendency  of  deceiving  those  who  are  not  aware 
of  the  true  nature  of  such  questions,  into  the  persuasion  that  a  ^ 

result  is  always  as  correct  as  the  computer  chooses  to  make  it ; 
and  thus  leads  them  to  place  the  same  confidence  in  all  obser- 
vation.o,  provided  only  they  are  worked  to  the  same  degree  of 
accuracy." 

This  idea  is  unhappily  not  confined  to  the  youngsters  of  the 
profession :  it  has  taken  root  in  some  of  the  older  members  as  well, 
and  it  is  therefore  incumbent  to  write  strongly  against  a  fallacy 
which  is  dangerous  in  its  tendency,  and  must  frequently  have 
contributed  to  fatal  disaster. 

In  all  observations  errors  must  be  made  :  the  best  instruments 
have  imperfections,  and  no  man,  however  equable  his  temperament, 
can  always  rely  on  his  making  a  proper  use  of  his  senses. 

It  has  been  shewn,  in  previous  pages,  that  there  is  often  much  imoertaliity 
doubt  at   sea  as   to  the   true   place  of  the   visible   horizon,  so^J^^^®' 
that  the  altitude  is  never  free  from  suspicion  of  inaccuracy.     In  empioyei  in 
addition   to   this,  other  data,  peculiar  to  the  problem,  may  ^q  ^™*^'^*"^- 
more  or    less    unreliable;    for   example,   the    latitude   is  often 
uncertain  to  three  or  four  miles.     In  working  out  the  time  at 
ship,  an  error  to  this  amount  would,  under  some  circumstances, 
falsify  the  longitude  to  a  serious  degree,  whilst,  in  other  cases, 
a  similar  error  in  the  same  problem  would  have  no  appreciable 
effectw 

Again,  we  have  instrumental  defects  depending  not  only  upon 
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eri-ora  in  workinanaliip,  bub  upon  sucli  aa  arise  frotn  temporary 
derangement  due  to  a  variety  of  causes." 

It  is  therefore  necessary,  not  only  to  exercise  judgment  as  to  the 
degi'ee  of  cloae-working  any  given  obau-rvation  will  admit  of,  and 
I  WorkUiffto  may  require,  but  to  endeavour  so  to  select  or  combine  problems 
and  methods,  that  the  errora,  of  whatever  nature  they  may  be. 
will  either  neutnUize  each  other  in  the  tinal  result,  or  so  un- 
mistakeably  declare  themselves  aa  to  be  capable  of  easy  elimina- 
tion. The  precise  w,iy  in  which  tins  is  done  will  be  described 
under  each  different  observation. 

The  sixth  chapter  of  Raper'a  Introduction,  wherein  he  tnjata  of 
"limit  of  error"  and  "dejjree  of  dependence,"  should  be  carefully 
noted  in  connection  with  tbis  most  important  subject. 

Whilst  the  folly  of  working  to  .seconds  in  the  majority  of  case* 
is  thus  put  before  the  reader,  and  the  striving  after  an  impossible, 
tiiougb  pretentious,  perfection  in  so  doing,  is  shown  to  be  a  enara 
and  a  delusion,  it  is  by  no  means  to  be  understood  that  loose 
working,  or  a  careles.'j  and  haity  manner,  either  of  observing  or 
computing,  should  in  any  way  be  practiced  or  tolerated.  On  the 
contrary,  anything  which  can  really  increase  the  accuracy  of  tlj« 
observations,  or  the  correctness  of  the  poiition  deduced  from 
them,  must  be  diligently  sought  for  and  applied. 

It  is  the  possession  of  the  requisite  mental  activity,  or 
"capacity  for  taking  trouble,"  and  the  power  of  selecting  the 
roost  advantageous  means  out  of  the  many  at  liis  disposal,  which 
constitute  the  real  test  of  a  man's  ability  as  a  navigator,  and 
shew  that  his  knowledge  is  not  superficial,  but  basC'I  on  strictly 
sound  principles,  which  cannot  misleaiL 

As  a  suitable  finish  to  these  remarks,  it  will  probably  not  come 
aniisa  to  explain  what  is  meant  by  Parallax  (astronomically 
considered),  and  why,  in  practical  Navigation,  it  is  unnecessary 
to  take  it  into  account  except  in  tare  instances. 

Lot  us  then  imagine  an  inhabitant  of  the  Moon  to  be  regarding 
t  our  Earth,  which,  for  the  time  being,  wo  will  suppose  to  be  truly 
circular,  and  that  a  tiny  speck  indicated  to  him  the  exact  centra 
of  its  disa  If  now  he  were  to  measure  with  a  sextant  the  an  jlv 
between  this  tiny  speck  and  the  Karth's  limb,  or  in  ot'ier  words, 
the  Earth's  scmi<liametcr,  he  would  obtain  a  mean  result  of  rather 


I 


*  Willi  ns,K\\  to  thna  lattiir,  it  ii  tlw  pcouiiaritjr  of  MtRni<iiBi(»] 
to  ba  Ux  ultlmikUi  nieuu  <tl  dni^iD),'  t-i  li|;ht  tS\  dofMU  of  mofi 
K'ljiiitmaiit   in   iuttumants  whiob    lij  tlw> 
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less  than  l"" ;  or  what  is  the  same  thing,  a  base  line  of  4000  miles 
would,  at  the  Moon'a  mean  distance  from  the  Earth,  subtend  an 
angle  of  nearly  1**;  a  simple  problem  in  right-angled  trigonometry 
which  any  one  is  equal  ta 

Next  let  us  imagine  our  f liend  with  the  sextant  to  have  shifted  Solar 
his  observatory  to  the  Sun,  and  from  that  far-off  luminary  to  have 
repeated  his  measure  of  the  Earth's  semidiameter :  this  time, 
owing  to  the  greatly  increased  distance,  he  would  get  rather  less 
than  9'  as  its  mean  value,  and  these  two  angular  quantities  would 
respectively  be  termed  the  Moon's  and  Sun's  Geocentric  Horizmtal 
ParaUax. 

If,  proceeding  yet  further,  he  winged  his  way  to  the  nearest  of  suiiar 
the  fixed  stars — and,  travelling  as  fast  as  light  does,  it  would  take  '■'•^^■*' 
him  between  three  and  four  years  to  get  there — our  celestial 
traveller,  on  looking  back  for  this  world,  which  we  think  so  im- 
mense, would  find  that  it  had  disappeared  by  very  reason  of  its 
inalgnificanca*  But  supposing  it  still  discernible,  and  that  it 
.could  be  watched  whilst  moving  in  its  orbit  round  the  sun,  he 
would  then  be  able  to  get  the  angle  subtended  by  a  straight  line 
connecting  the  centres  of  the  two  bodiea  This  straight  line,  if 
measured  when  the  Earth  had  reached  its  extreme  point  of  travel 
either  to  the  right  or  to  the  left  of  the  Sun,  would  give  the 
observer  the  very  respectable  base  of  93  millions  of  miles.  But 
notwithstanding  the  enormous  length  of  such  a  base,  the  angle  it 
would  subtend  at  the  place  of  the  nearest  Mxed  »tar  would  be  less 
tium  1^  of  arc,  and  would  be  spoken  of  as  the  Star's  Annual  or 
HeUoeenific  Parallax. 

This  will  convey  some  faint  idea  of  how  far  away  in  space  that  Dirtanoe  of 
nearest  star  must  be;   expressed  in  words,  it  is  about  twenty"***** 
billions  of  miles,  whilst 

20,000,000,000,000  miles 
represents  it  in  figures.     In  the  contemplation  of  even  these 
numbers  the  imagination  is  lost ;  how  then  if  we  seek  to  gauge 
the  more  profound  depths  of  the  universe  ? 

The  foregoing  explains  what  is  meant  when  allusion  is  made  to 
the  Moon's  Parallax,  the  Sun's  Parallax,  and  Stellar  Parallax; 
but  to  determine  the  two  latter  is  no  easy  job,  nevertheless  it 
must  be  done  if  we  wish  to  know  our  distance  from  these  bodies. 

We  will  now  return  to  mother  Earth,  to  see  in  what  way  Paral-  ParaUax  ai 
lax  affects  Navigation.  navigatioii. 

*  The  velocity  of  light  is  187,000  miles  per  second. 
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In  the  theory  of  Nautical  Astronomy — for  certain  mathematical 
reasons — all  obaervatioiis  of  the  heavenly  bodies  are  supposed  to 
be  made  at  the  centre  of  our  globe,  but  as  tliis  ia  clearly  improcti* 
cable  (except  to  gentlemen  such  as  Jules  Verne),  an  allowance  has 
to  be  ma/^le  which  goes  by  the  general  name  of  Parallax.  In  this 
connection,  therefore,  Parallax  is  the  angular  difference  between 
the  Aj^r€td  place  of  a  heavenly  body  as  seen  by  on  olwervw 
from  any  station  on  the  Earth's  surface,  and  its  True  position  as 
supposed  to  be  seen  from  the  Earth's  cerUre. 

With  us  angular  altitudes  of  the  heavenly  bodies  are  of  necfa- 
*i*"^  ^'^y  measured  from  the  Sentihle  Ilorhon,  which  is  a  plane  passing 
through  the  eye  of  the  observer  at  right  angles  to  a  freely  sus- 
pended plumb-line,  whereas  they  ought  to  be  measured  from  the 
Jiationnl  Horizon,  which  is  parallel  to  the  other,  but  passes 
through  the  Earth's  centre. 

Now  it  has  been  shewn  that  the  distance  of  the  fixed  stars  is 
BO  vast  that  to  them  our  Sensible  and  Rational  Horizons — thoiigli 
4000  miles  apart — are  virtually  one  and  the  same  thing,  ao  that 
whether  a  stellar  observation  is  made  at  the  centre  or  surface  of 
the  Earth  matters  not ;  the  altitude  in  either  event  is  exactly  the 
same 

In  the  cajw  of  the  Sun  it  has  also  been  shewn  that  the  grtaiftt 
effect  would  be  less  than  9",  s  quantity  so  small  that  in  ship  work 
it  is  not  worth  notice ;  and  the  same  may  be  said  of  the  Planets. 
But  where  our  next-door- neigh  hour  the  Moon  is  concerned.  Paral- 
lax is  an  important  element,  and  cannot  be  disregarded.  There- 
fore, if  altitudes  of  the  Moon  could  I*  taken  simultaneously  from 
the  surface  of  the  Earth  and  from  its  centre,  they  woultl  be  found 
to  differ  considerably,  the  altitude  observed  at  the  Earth's  centre 
being  the  true  one,  and  the  greater  of  the  two.  The  correction  for 
Parallax,  therefore,  is  always  additive. 

If  the  observation  were  made  at  the  Earth's  centre  just  when 
the  Moon  happened  to  be  in  the  Sensible  Horizon  of  a  spectator 
at  the  surface,  this  difference — amounting  to  nearly  1° — would 
then  be  termed  the  Moon's  HorUonial  Parallax,  and  would  In 
equivalent  to  the  Earth's  semidiameter  as  meiisuied  with  hi* 
sextant  by  the  "  Man  in  the  Moon." 

Aa  the  altitude  of  a  heavenly  body  increases,  the  correction  for 
Parallax  decreases,  until  it  absolutely  vanishes  when  the  body 
reaches  the  zenith. 

Except  when  the  body  is  in  the  horizon,  this  correction  is 
spoken  of  as  "  Parallax  in  altitude." 
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From  the  forgoing  we  deduce  the  practical  results  that  iu 
observations  of  the  stars  Parallax  is  totally  insensible,  and  that  in 
observations  of  the  Sun  or  Planets  it  is  so  small  that  it  may  be 
"left  out  in  the  cold"  without  detriment  to  Navigation.  The 
Mood,  then,  is  the  only  body  which  is  seriously  affected  by  it,  and 
as  for  this  and  other  reasons  we  decided  long  ago  to  send  the 
Moon  to  Coventry  (except  when  required  for  Azimuths),  Parallax 
may  pack  up  and  go  with  her. 


CHAPTER    IL 

LATITUDE   BY   MERIDIAN   ALTITUDK 

In  setting  about  the  working  of  any  astronomical  question  in 
wi^^nTte'  navigation,  the  invariable  thing  to  start  with  w  THE  Greenwich 
Date.*  All  the  elements  in  the  Nautical  Almanac  are  computed 
for  noon  at  the  meridian  of  the  Royal  Observatory  at  Greenwich, 
Consequently,  if  an  observation  be  taken  elsewhere,  it  becomes 
necessary  to  reduce  the  astronomical  data  of  the  calculation  to  the 
time  at  Greenwich  corresponding  to  the  instant  of  observation  at 
the  place  where  it  is  made. 

In  the  case  of  the  problem  under  consideration,  the  only 
Nautical  Almanac  element  which  requires  reduction  is  the  sim  s 
declination.  This  is  frequently  done  by  inspection  (Table  XXI. 
Batiest  moda  of  Norie) ;  but  the  writer  prefers,  as  the  simpler  plan  of  the  two, 
ri^^'^ffy  ^  lool^  ft^  ^^^  chronometer  as  soon  as  eight  bells  have  been  made, 
and  from  the  Grtienwich  Mean  Time  thus  found,  to  correct  the 
declination  (taken  trom  page  IL  for  the  month)  by  the  hourly 
difference,  in  the  same  way  as  for  an  ordinary  morning  sight 

By  this  means,  as  the  application  of  the  correction  is  self- 
evident,  there  is  less  liability  to  mistake  than  by  the  use  of  the 
table — markedly  so  when  the  sun  is  very  near  the  equator, 
and  the  correction  for  Greenwich  time  happens  to  exceed  the 
declination  itself. 

By  reference  to  the  explanation  of  Table  XXI.,  given  in  another 
part  of  None*s  Epitome,  a  rule  will  be  found  to  meet  this  diffi- 
culty ;  but  why  burthen  the  memory  with  two  rules,  when  one  is 


*  For  quick  reference  to  the  r^auticcU  Almanac^  it  if  a  g«K>d  plnn,  month  by  month, 
to  cut  off  h&lf  an  inch  or  bo  of  the  top  right-hftnd  comer,  to  that  the  book  can  at  ooc« 
be  opened  at  pages  I.  and  II.  for  the  current  month. 
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sufficient  ?  The  man  who  can  correct  his  declination  for  morning 
or  afternoon  sights,  needs  no  other  method  to  enable  him  to  cor- 
rect it  for  his  noon  observation ;  in  each  case  the  object  is  the 
same,  and  there  is  no  occasion  to  alter  the  process. 

In  general,  a  little  mental  arithmetic  is  all-sufficient  to  calculate 
this  correction,  and  at  the  summer  and  winter  solstices,  when  the 
change  of  declination  is  slow,  it  can  be  taken  out  at  sight 

It  must  be  borne  in  mind  that  the  right-hand   page  of  the  llean  and 
Nautical  Almanac  contains  the  elements  for  Mean  time,  and  that  ^^  ^^g^  i^ 
the  left-hand  page  is  adapted  to  Apparent  time ;  consequently,  ^J^^fjj^ 
whether  the  reduction  in  this  or  any  other  problem  is  to  be  made 
to  Mean  or  Apparent  time,  the  declination  must  be  taken  from  the 
corresponding  page. 

The  colunm  of  Variation  in  one  hour  is  only  to  be  found  on 
the  left-hand  page,  and  is  common  to  both. 

In  all  the  astronomical  problems,  it  will  be  found  handy  to 
work  by  decimala  Thus,  to  find  the  correction  for  4  hours  and 
6  minutes  of  Greenwich  Mean  Time,  when  the  variation  of  declina- 
tion in  one  hour  is  43"'68,  proceed  as  follows  : — 

Hourly  diff 43''7 

G.M.T X     41 


437 
1748       Correctfon 


60)l79'''17(2'59''-2 
120 


59 


In  this  example,  the  second  decimal  figure  is  dropped  as  being 
needlessly  exact 

To  find  the  decimal  parts  of  an  hour  equal  to  any  given  number 
of  minutes,  divide  the  latter  by  6.  Thus  6  minutes  equal  1  of 
an  hour ;  30  minutes  equal  '5 ;  45  minutes  equal  *75 ;  3  minutes 
equal  "OS  of  an  hour,  and  so  on. 

Some  men  drift  into  a  very  common  though  extremely  repre- 
hensible habit  of  finding  the  sun's  meridian  zenith  distance  by 
subtracting  their  noon  cdtitude  from  the  constant  SQ"*  48';  amZ  Rougb  and 
this  they  do  under  aU  circumstances — whether  they  are  standing  IJf^ 
on  the  bridge  of  a  high-sided  steamer,  or  the  deck  nearly  awash 
of  a  coasting  schooner — whether  the  sun  is  almost  overhead,  or 
only  a  few  degrees  above   the  horizon.     Some   do   it   through 
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pure  ignorance — others,  becatiae  never  having  taken  the  trouble 
to  investigate  the  matter,  think  "  it  is  near  enough."  But  it 
is  Tiot  near  enough ;  and  the  man  who  does  &ucb  a  lazy  trick, 
to  save  himself  at  most  half-a-dozen  figures,  is  not  tit  for 
command. 

The  proper  mode  for  sea  practice,  where  eonciaeness  is  only 
second  to  accuracy,  is  to  make  use  of  Table  IX.  in  Norie't  ^i' 
tome,  which,  however,  be  it  noticed,  ia  calculated  for  obBarvations 
of  the  lower  limb  only. 

Thia  tabular  correction  comprises  the  joint  effect  of  dip,  refrac- 
tion, parallax,  and  semi -diameter ;  but  as  the  lat(«r  is  a  variable 
quantity,  depending  upon  the  earth's  distance  from  the  sun,"  the 
correction  requires  to  be  itself  corrected  by  another  minor  one. 
corresponding  to  the  time  of  the  year  which  is  given  at  the  foot  of 
the  table.  These  corrections  are  in  minutes  and  tenths  of  arc ; 
but  if  it  be  desired  to  reduce  the  tenths  to  seconds,  it  is  caaijy 
done  by  multiplying  them  by  G,  thus :  7  "3  is  equal  to  7'  18'. 
I  Corrtetton  Of  Therefore,  to  correct  the  observed  meridian  altitude,  apply  first 
r^tnda'  the  sextant  index  error,  if  any — which  can  always  be  done 
mentally — and  to  the  result  add  the  wrreeled  correetion  from 
Table  IX.  This  amount  subtracted  from  90°  gives  the  zenith  dis- 
tance, to  which  apply  the  reduced  declination  in  the  usual  way. 

As  an  eiample  of  the  consequptices  which  might  ensue  from  the  use  of  this 
slipshod  80°  48',  the  very  possible  case  will  be  tHkon  of  a  vesael  bound  to 
Glasgow,  entering  the  North  Cliannel  in  the  month  of  Deccmbtr.  To  shew 
the  ditference,  the  latitude  will  be  worked  both  correctly  and  looeelj. 

EXAMPLE. 

At  noon  on  Saturday,  December  18th,  1880.  0  30  ph..  G.M.T.  by  clirono- 
meter,  being  in  latitude  by  account  &5°  30'  North,  and  longitude  by  Rcconnt 
7*  40'  Wcat,  observed  the  meridian  altitude  of  the  aim's  lower  limb  to  be 
l(f  eij'.     No  index  error.     Height  of  the  eye  32  feet    Weather  ioctiniDg  to 


I 
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be  thick  with  passing  drizzles  of  rain 

gnidiiiJIy. 

8h<ff«biilcar»cllM«lKNt 

Olia.BllltBA*. itrstit 

I-Utod. M'ill'North 

The  dlfTerenoe  in  the  work  of  the  tw 

a  uiethcNk  amounts  to  .ifw  j^wn^  M 

*  TW  Mitb  ii  Deumt  to  111*  fan  during  th*  narthim  wiiil«. 
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the  difference  in  the  resulting  latitude  amounts  to  six  miles.     This,  however, 
18  not  all — ^mark  what  foUowa. 

About  a  quarter  past  ten  same  morning,  when  the  sun  had  an  altitude 
of  8^,  sights  were  got  for  longitude,  which  were  worked  up  as  soon  as  the 
necessary  latitude  had  been  obtained  at  noon.  Now,  at  the  time  the  sights 
were  taken,  from  the  sun  being  so  far  to  the  southward,  an  error  of  otie  mile 
in  the  latitude  used  for  the  calculation  would  produce  an  error  of  exactly 
4'  (minutes)*  of  longitude— in  this  case  to  the  eastivard ;  and  since  the  error 
of  latitude,  as  shewn  in  the  preceding  example,  amounts  to  six  miles,  the 
eorresponding  error  deduced  irom  forenoon  sights  would  be  24'  (minutes)  of 
longitude,  equal  to  13^'  (miles)  of  distance.  Consequently,  the  ship  would  be 
e>  miles  further  north  and  13^'  miles  further  east  than  her  captain  supposed 
her  to  be.  Now,  assuming  the  longitude  at  noon  as  determined  by  chrono- 
meter to  be  7°  25'  West,  and  the  latitude  55°  31^'  North,  according  to  the 
"near  enough"  method,  the  ship  would  apparently  be  about  9'  miles  norih- 
weHward  from  Inishtrahull,  whereas  her  true  position  would  be  in  latitude 
66^  37i'  N.,  and  longitude  7°  1'  W.,  or  some  14'  miles  to  the  north-east  of 
Inishtrahull  Meanwhile  the  weather  rapidly  gets  thicker,  but  the  captain, 
feeling  satisfied  with  his  observations,  and  knowing  his  chronometers  cannot 
"be  "  out "  on  the  short  passage  from  a  North  American  port,  runs  on  with 
confidence,  only  to. find,  in  less  than  three  hours,  his  vessel  a  total  wreck  on 
the  rock-bound  coast  of  Islay.t  In  the  Board  of  Trade  enquiry  which  would 
"be  sure  to  follow,  the  bewildered  captain — if  he  survived — would  probably 
aeek  to  account  for  the  accident  by  an  unknown  error  in  the  compasses,  or  the 
influence  of  a  mysterious  current  The  Court,  ignorant  of  the  89°  48'  trans- 
action, would  perhaps  be  equally  puzzled  to  know  how  the  ship  got  so  far  out 
of  her  course  after  such  an  apparently  good  "  Fix  "  at  noon  ;  but  in  any  case 
it  would  very  properly  suspend  him  for  not  having  verified  his  position  by  the 
lead ;  and  now  that  Sir  William  Thomson's  invaluable  sounding  machine 
enables  this  to  be  done  without  stopping  the  ship,  there  is  no  excuse  for  the 
omission.  Those  who  have  a  blind  faith  in  "  sights,"  without  understanding 
the  groundwork  of  the  thing,  should  take  this  lesson  to  heart. 

Doubtless  to  some  the  foregoing  will  appear  an  exaggerated  D^^junation 
case,  but  it  is  not  so.     Further,  there  are  men  holding  Master's  atnoon— </»/p 
certificates  who  are  in  the  habit  of  applying  the  declination  (as  x^qo^^ 
given  in  the  Nautical  Almanac)  to  their  noon  sight  for  latitude,  oorrtipond- 
without  using  any  correction  whatever  for  the  ship's  longitude,  areenwioh. 

*  It  will  be  noticed  that  the  word  ''minutes  **  is  used  here  instead  of  ''miles."  The 
latter  woold  be  decidedly  incorrect.  In  speaking  of  Longitude  or  the  divisioni  of  the 
Sextant,  it  is  proper  to  say  degrees  ( * ),  minutes  ( ' ),  and  seconds  ( " );  strictly  speaking, 
the  same  thing  applies  to  latitude  also,  but  as  a  mile  of  latitude  and  a  nautical  mile 
are  practically  the  same  thing  all  over  the  world,  the  looseness  of  expression  is  in  this 
last  case  more  pardonable. 

t  It  could  be  shewn  in  the  same  manner,  that  if  the  altitude  were  but  1'  wrong, 
And  the  resulting  error  in  the  longitude  happened  to  lie  on  the  same  side  as  the  error 
due  to  the  incorrect  latitude,  the  mistake  in  the  ship's  position  would  be  still  greater, 
■inoe  r  of  altitude  in  the  case  before  us  is  equal  to  18*  of  time,  or  H'  of  longitude. 
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or  in  other  words,  without  redacing  it  to  Greenwich  time  They 
think  that  the  precept,  "At  apparent  noon,"  headiog  page  I., 
means  that  the  Rubjoined  declinations,  &c,  are  good  for  nooa  ai 
any  place. 

One  would  imagine  that,  with  the  strict  examinations  now  in 
force,  snch  misapprehension  would  be  impossible.  When  we 
recollect,  however,  that  many  worthy  young  men  brought  np 
before  the  ma.tt,  have  absolutely  no  groundwork  of  education, 
'^  aiiJ  pass  merely  by  dint  of  hard  cramming,  there  ia  no  longer 
occasion  to  be  surprised.  Moreover,  having  obtnined  their  certi- 
ficates, years  may  pass  before  they  are  called  upon  to  fill  a  posi- 
tion requiring  navigational  knowletlge;  and  in  the  interval  they 
become  rusty,  and  tbe  most  of  what  they  have  harnt  is  forgotten. 

In  the  case  of  finding  the  latitude  just  given,  it  so  happened 
that  the  decUoation  required  no  reduction.  Let  us,  tht-n,  take  on 
example  of  a  different  kind,  and  work  it  as  rocommrnded  for  aea 
practice. 

EXAMPLE   II. 

September  15th,  1880,  in  longituilo  by  account  74°  30'  Weit,  the  meridian 
altitude  of  0  was  53*  58',  the  observer  beiog  North  of  the  sun  anil  the  hei^-ht 
of  hie  eye  24  feet  Index  error  —  3*  24°,  When  the  «iiD  had  ccns-d  t^i  rwf, 
the  G  M.T.  by  chronometer  was  4h.  DJtn.  10&  r.U.  mate  ilftte.  Raiuiret]  the 
latitude. 


I 


I 


Corrtcted  declination    .  S"  42"  19'-8 


Obaerred  altitude  S  S3°sa' 

Index  error   ...  -    31 

Correction  table  IX.  +  lOi 

True  Altitude     .    .  53   &9 


eOjiSTTK  4'  W? 


Latitude  39°  43i'  North. 

witii  lovKiti-      When  the  sun's  altitude  is  low,  aa  in  winter,  it  is  adviaablo  to 
■M-.  HD^S"  observe  the  upper  limb,  as  being  furthi;r  removed  from  the  In- 
fiuence  of  the  excessive  refraction  ao  capricious  near  the  horizon. 
It  is  truo  the  after  calculatioti  Is  somewhat  lengUicncd  by  no 
doinu,  and  the  difference  of  altitude  is  not  much ;  still,  every  littlo 
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tells,  and  a  trifle  in  the  way  of  extra  labour,  when  a  benefit  is  to 
be  gained,  should  not  be  allowed  to  weigh  for  an  instani 

In  the  use  of  the  sextant,  the  observer  should  accustom  himself 
from  the  commencement  to  the  inverting  telescope.     It  is  rather  invwrtinif 
difiicult  to  manage  at  first,  but  practice  makes  perfect,  and  jts^^***'^' 
superiority  over  the  direct  one  is  unquestioned. 

At  sea,  it  is  a  good  plan  to  carry  a  watch  set  to  Oreenwieh  HWk  watoh 
Mean  Time.  If  a  common  one,  it  can  be  regulated  every  morning  ^^^j^  xime. 
when  winding  the  chronometers,  but  if  this  be  objectionable  on 
the  score  of  the  watch's  value,  it  is  easy  to  ascertain  its  error  and 
make  a  mental  note  of  it.  This  watch,  then,  becomes  available 
for  azimuths,  ex-meridians,  or  other  work  where  the  exact  second 
IB  not  of  consequence,  and  saves  a  journey  to  the  chronometer. 
To  have  it  set  to  Apparent  Time  at  Ship  might  at  first  sight  be 
considered  preferable,  but  a  moment's  reflection  will  shew  that 
this  is  continually  altering,  and  in  a  fast  steamer,  on  east  or  west 
courses  in  high  latitudes,  does  so  very  rapidly,  sometimes  as  much 
as  42  minutes  in  a  day,  so  that  the  watch  would  never  be  correct 
for  an  hour  on  a  stretcL  Moreover  the  G.M.T.  can  with  ease  be 
converted  into  Apparent  Time  at  Ship,  Sidereal  Time,  or  any 
other,  just  as  occasion  may  require.  A  strong  watch,  with  water- 
tight case,  which  will  stand  knocking  about  and  yet  go  sufficiently 
well  for  this  purpose,  can  be  purchased  now-Srdays  for  thirty 
shillings  or  two  pounds ;  it  should  be  of  the  kind  known  as  "  key- 
less," or  what  the  Americans  call  a  "  stem-winder." 

After  br(  akfasS  all  the  docks  on  board  should  be  set  to  Apparent  Proper  time 
Time  at  Ship  for  noon  of  that  day,  as  determined  in  advance,  by oiodSon 
working  up  the  dead  reckoning.     There  is  then  no  fear  of  missing  ^H)ard. 
"  sun  time,"  and  the  plan  for  many  reasons  is  preferable  to  the 
usual  one  of  making  eight  bells  by  the  sun. 

ULTITUDE  B7  MEBTDIAN  A1<TITX7DE  OF  A  STAB. 

Observations  of  the  stars  should  he  industriously  practised. 

The  advantage  possessed  by  a  man  who  is  well  posted  in  this 
work,  over  another  who  is  ignorant  of  it,  cannot  be  over-estimated. 
One  now  and  again  hears  it  remarked  by  old  Atlantic  navigators,  Tnniatiantie 
that  they  have  frequently  been  compelled  to  make  the  passage  SiSefioieiy 
from  land  to  land  entirely  by  dead  reckoning,  as  sights  were  not  by  dead 
to  be  had.    As  it  is  inconceivable  that  during  nine  or  ten  days"^**"**"*""' 
neither  the  sun  nor  stars  should  ever  have  been  visible,  this  asser- 
tion must  surely  mean  that  the  sun  failed  to  present  itself  precisely 


23+ 


WHEJf  AND  aOW  TO  OBSERVE  STABS. 


I  twilight. 
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at  tbe  orthodox  times  of  9  a.m.  and  "high  dooii;"  and  when  appear- 
ing at  other  hours,  could  not  be  utilized  for  want  of  a  known 
problem  suitable  to  auch  irregular  visits.  Moreover,  the  atara 
must  have  been  looked  upon  only  as  theoretical  aids  to  navigation, 
being,  for  praelii^l  work,  quite  unreliable.  It  is  hoped  a  better 
eystem  of  education  may  serve  to  dispel  such  illusions,  and  that 
every  man  in  the  future  will  fit  himself  to  take  advantage  of  the 
heavenly  bodies,  which  are  available  for  his  guidance  at  all  tima 
when  visible. 

The  problem  of  finding  the  latitude  by  meridian  altitude  of  a 
star  should  be  more  frequently  practised,  especially  when  making 
the  land  in  high  latitudes  during  tbe  winter  mooth.'i.  As  before 
stated,  morning  or  evening  twilight  offers  tbe  best  horizon  for  sttu 
observation,  and  reference  to  Table  XLIV.  of  Norie  will  give  the 
names  of  those  on  tbe  meridian  at  that  time. 

As  it  may  be  difficult  to  bring  the  star  down  to  the  horizon  if 
there  is  over-much  light  in  the  sky,  it  will  be  found  a  capital 
plan  to  calculate  its  meridian  altitude  beforehand,  and  having  set 
the  sextant  to  this  angle,  i3irect  tbe  sight  a  tew  minutes  before 
the  time  of  transit  to  the  north  or  south  points  of  the  horizon,  aa 
the  cose  may  be,  and  the  star's  image  will  be  seen  either  upon  oc 
near  the  horizon.  There  is  then  no  difficulty  in  bringing  it  ex- 
actly to  the  horizon,  and  keeping  it  there  like  tbe  bum,  till  ita 
greatest  altitude  is  attained,  which  being  read  off  will  give  very 
simply,  and  with  exceedingly  few  figures,  the  sought-for  latitude. 

The  simplicity  of  this  observation  is  perfectly  delightful,  atui 
the  star  <Kinnot  be  mistaken,  as  no  other  (except,  perhaps,  telescopic 
stars)  will  have  the  same  meridian  altitude  at  that  time.  It  fre- 
quently hapi>eus  that,  by  this  method,  a  most  perfect  obsorvotion 
can  be  made  during  twilight,  when  the  unaided  eye  will  entirely 
fail  to  pick  the  same  star  out  in  the  general  brightness  of  the  sky, 
and  it  possesses  tbe  additional  advantage — that  the  observer  doet 
not  even  require  to  be  aajttahilttt  tt-ith  the  ttar  he  it  taking.  Fur 
this  observation,  either  the  inverting  or  direct  telescope  inoy  be 
used;  but,  aa  already  stated,  tbe  first-named  is  preferable.  If, 
however,  the  observation  be  maHe  after  dark,  it  will  be  necessary 
to  employ  the  star  leleecopt ;  and  with  regard  to  this,  it  may  be 
said  that  one  of  inferior  quality  is  worse  than  none  at  all. 

To  find  the  approximate  meridian  altitude  of  the  star  by 
previous  calculation  is  an  easy  thing. 

Work  up  the  latitude  by  dead  reckoning,  and  by  mbtractioK 
it  from  90"  find  the  co-latitude      If  the  star's  declinatioa  vai 
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the  co-latitude  be  of  the  same  name,  add  them  together ;  or  take 
their  difference  if  of  contrary  names.  The  result  is  the  meridian 
altitude,  to  be  reckoned  from  the  south  point  of  the  horizon  when 
the  latitude  is  north,  and  the  contrary  when  south.  But  should 
the  sum  exceed  90^  it  must  be  taken  from  180°.  This  last  shews 
that  the  observer  is  on  the  equatorial  side  of  the  star,  and  in  that 
case  the  altitude  must  be  reckoned  from  the  north  in  north 
latitude,  and  from  the  south  in  south  latitude.* 

EXAMPLE   I. 

About  815  P.M.,  June  1st,  1881,  being  in  latitude  by  account  Bxample  of 
47°  10'  N.,  wished  to  observe  the  star  Spica  for  latitude.    On  re-  wt^Hin.t^  ' 
ferring  to  Table  XLIV.,  it  is  found  to  pass  the  meridian  on  that  •itttud^. 
day  about  8*39  p.m.  Apparent  Time    at   Ship.      Required  its 
approximate  altitude  at  that  time,  to  which  to  set  the  sextant. 


Latitude  .... 

AT  10'    K 
90 

Co-latitude  .    .    . 
«'s  Declination .    . 

Approx.  merid.  alt 

42    50     N. 

10   321  S.    See  pa^  345,  N.  A 

32'  17i'  S. 

EXAMPLE  II. 

About  4  P.M.,  July  16th,  1881,  being  off  the  Horn,  in  latitude  by 
account  54**  10'  S.,  wished  to  correct  the  dead  reckoning  by  an 
observation  of  the  star  a  Crux,  which  by  Table  XLIV.  will  pass 
the  meridian  on  that  day  about  4*35  P.M.  Apparent  Time  at  Ship. 
Required  the  star's  approximate  altitude  at  that  time,  to  which  to 
set  the  sextant. 

Latitude   ....    54'  10'  S. 

90 


Co-latitude    ...    35  50  S. 

«'s  Declination  .    .    62  27  S.    See  page  343,  N.  A 

«'8  Meridian  altitude  98  17  reckoned  from  the  NortL 

180 


♦'s  Meridian  altitude  81"  43'    reckoned  from  the  South. 

Its  declination  will  always  be  a  guide  as  to  the  direction  in  in  looking  for 
which  to  look  for  a  star.    According  as  the  former  is  North  or  *  ^\  ?!. .. 
South  of  the  observer's  position,  so  will  the  latter  bear  when  on  oooiiiiatton. 


*  In  the  N.  A.  for  lSd4,  the  Right  Ascennoni  and  Declinations  of  the  stars  will  be 
found  bet#een  paget  819 — 366. 


Btu'a  d«eUn- 
atlon  a  Axtd 
qnuttltj. 
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the  lueridiau.     This  is  so  self-evident  that  there  is  no  occasion  to 
tax  the  menaery  by  recollecting  the  rule  given  further  back. 

We  will  now  suppose  the  observation  of  Spica  {Example  I.)  to 
have  been  completed,  and  that  the  observed  meridian  altitude  was 
ascertained  to  be  32'  22'  S.;  eye  30  ft,;  no  index  error.  Required 
the  latitude. 

Observed  altitude 32°  23"    3. 

Correction— Table  XV.  of -iVoT-w    .    .    .-  Bj 

True  ultitudu 32    lof 

90 

Meriil  zenith  diutince .      67   44f  N. 

*'»  Declination 10   33|  S. 

True  latitude 47°  18'    North. 

This  is  even  shorter  and  simpler  than  the  latitude  by  meridian 
altitude  of  the  sun,  since  the  star'B  declination  being  alvwet  a 
fixed  quantity,  requires  no  correction  for  Greenwich  Mean 
Time. 

Table  XV,  of  Norie  gives  the  sum  of  the  corrections  for  a  star  in 
the  same  manner  that  Tabic  IX.  answers  for  the  sun.  It  may  also 
be  u-sed  for  correcting  the  observed  altitudes  of  any  of  the  planets 
(except  the  moon),  as  their  semi-diameter  and  parallax  in  altitude 
are  not  worth  consideration ;  consequently,  the  operation  of  finding 
the  latitude  by  a  planet  is  precisely  similar  to  that  by  the  star 
Spica,  worked  out  above. 

The  declination  of  the  planets,  and  their  mean  lime  of  passing 
the  meridian,  will  be  found  in  the  N.  A.  for  tSS4>,  between  pages 
22G — 2fi5,  under  the  heailing  "  Mean  time."  Since  the  declination 
of  the  planets  is  continually  changing,  note  the  time  by  chrono* 
meter  when  the  meridian  altitude  is  observed,  and  reduce  the 
declination  to  the  Oreeuwich  date  by  simple  proportion.  As  the 
"  hourly  variation  "  is  not  fjiven,  it  will  be  necessary  to  take  the 
"  variation  "  for  one  whole  day,  and  then  say — Aa  the  change  is 
in  24  hours,  so  will  the  change  be  in  the  given  number  of  hours." 

EXAMPLE   III. 

July  3rd,  1881,  at  7-39  A.M.  Mean  Time  at  Ship,  in  longitude 
104°  6'  W.,  let  the  ohserved  meridian  altittido  of  the  planet 
Mars  (d)  be  22'  oO'  N.,  when  a  chronometer  showed  2h.  35m,  58e., 
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G.M.T.,  same  date.     Eye  32  feet ;  no  index  error.     Required  the 
latitude. 

Declin.  noon  July  8rd    .    .    .    .    18"  4' a'' N.    Page  2i5.  N.  A. 
Declin.  noon  July  4th    ....    13  18  8   N.  „         „ 

Change  in  24  hoars 014'  0^ 


If  the  change  is  14'  in  24  hours,  what  will 
it  be  in  2*6  hoars  ? 

S4h.  :2  6h.  ::14': 

14' 
2-6 

84 
28 


24)  86*4   (1'  5 
24 

124 
1.0 


Declin.  July  8rd.    .    .    .    18*4'  8^  N. 
Correction  for  2*6  hrs.    .    +   1 80 

Rednoed  dedin.     .    .    .    iFF^M. 

Obeerred  merid.  alt.     .    .    .     22*  60'  N. 
Corre<;tion-TableXV.of^orM  -    7f 

True  alt 22  42^ 

90 


Merid.  senith  dist 67 171  S. 

Corrected  declination    .    .    .    18  6l  N. 

Latitude 64' 12^'  Soath. 


Whenever  you  can,  it  is  advisable  to  take  stars  bolh  North  arid  Cfbmaew  itan 
SoiUh  of  the  observer,  as  by  so  doing  all  systematic  errors^  <>f  of  miith. 
whatever  nature^  are  eliminated  from  the  mean  of  the  results. 
For  example,  some  men  have  ajixed  habit  of  bringing  the  object 
too  low — others,  not  low  enough ;  the  astronomical  refraction  may 
be  greater  or  less  than  the  amount  allowed  in  the  Tables;  the 
instrumental  error  may  be  somewhat  different  to  what  is  supposed; 
or  the  horizon  may  be  unduly  elevated  or  depressed,  as  already 
explained  in  a  previous  chapter. 

In  each  and  all  of  these  cases  the  certain  cure  is  to  observe  Oaiiip«iifalloii 
stars  on  both  sides  of  the  zenith.     If  the  ultimate  effect  of  these  ^  "'^**' 
various  errors  lies  on  the  side  of  making  the  altitudes  too  great, 
the  northern  star  will  give  the  latitude  too  far  north,  and  the 
southern  star  will  give  it  too  &Lr  south ;  but  the  mean  of  the  two 
will  be  correct,  or  nearly  so. 


N 
A   ■  C 

In  the  diagram,  the  balance  of  error  in  the  case  of  the  northern 
star  places  the  ship  at  C;  and  as  the  error  is  common  to  both, 
observations  if  they  are  taken  nearly  at  the  same  time,  the 
southern  star  will  place  the  ship  at  A.  In  reality  she  is  at  B,  or 
about  midway  between  the  two. 

In  like  manner,  if  the  errors  conspire  to  make  the  observed 
altitudes  too  small,  the  northern  star  will  give  the  latitude  too 
far  south,  and  the  southern  star  will  give  it  too  far  north,  but 
the  mean  will  be  coiTect  as  befora  The  subjoined  diagram  shews 
this. 
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It  is  well  to  recollect  that  the  greater  the  meridian  altitude, 
the  greater  the  correspondence  between  the  latitude  of  the 
observer  and  the  declination  of  the  body  observed,  and  vice  verad ; 
or,  in  other  words,  as  we  approach  an  object  its  altitude  increases. 


CHAPTER  ITI. 

LATITUDB    BT    MERIDIAN    ALTITUDB    BELOW   THE    POLE. 

We  now  come  to  a  useful  problem,  which  is  very  little  prac- 
tised, though  it  is  just  as  simple,  and  certainly  as  short,  as  any  of 
the  preceding. 

In  high  latitudes,  certain  stars  complete  their  daily  revolution  CttraoBpolMr 
round  the  pole  of  the  heavens  without  rising  or  setting,  and  are  SJJSirto  ttta 
consequently  termed  Circurapolar  stars.    This  occurs  when  their  iMaveiui 
polar  distance  is  less  than  the  latitude  of  the  observer — ^both 
being  of  the  same  name.     These  stars  having  come  to  the  meridian 
above  the  pole,  which  is  their  highest  point,  decline  towards  the 
westward  for  six  hours,  when  they  gradually  curve  eastward — 
still  falling,  however — till  in  another  six  hours  their  lower  cul- 
mination is  reached,  when  they  are  said  to  be  on  t^  meridian 
below  the  pole. 

They  then  commence  to  rise,  still  moving  eastward,  for  another 
six  hours,  after  which  they  turn  to  the  westward  in  their  upward 
course  for  a  further  period  of  six  hours,  when  the  circle  is 
completed,  and  they  are  again  on  the  meridian  above  the  pola 
The  hours  alluded  to  here  are  of  course  Sidereal  hours,  which  are 
nearly  ten  seconds  shorter  than  mean  solar  ones. 

It  will  be  noticed  that  during  the  loiuer  half  of  the  star's  Aiiniiifiii^ 
journey  their  motion  is  from  west  to  east.    Attention  is  particu-  JJJ^jt 
larly  called  to  this,  because  in  observing  star  azimuths,  unless  wiMn  meri- 
acquainted  with  it,  a  beginner  is  likely  to  fancy  he  has  made  a  Jf^JeUe?*^^ 
mistake  on  discovering  that,  as  his  ^uestem  hour  angles  grow  tiian  six 
larger  after  they  have  exceeded  six  hours,  the  star's  bearing 
becomes  more  easterly,  which  at  first  sight  seems  opposed  to  what 
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one  would  expect     The  annexed  diagram  makes  the  explanation 
clear. 


F«(_ 


_2tf*f 


A  WBE  is  the  diurnal  circle  of  a  northern  circumpoiar  star,  and 
the  line  AB  represents  the  meridian  of  the  observer.  At  A  the 
Btar  ifi  at  its  upper  culmination,  or,  in  other  words,  it  is  on  the 
meridian  ahove  the  pole,  and  bears  North.  During  the  first  six 
hours,  whilst  passing  from  A  to  W,  it  falls  towards  the  weMward; 
at  W,  therefore,  the  hour-angle  of  the  star  is  G  hi-s.  west  During 
the  second  six  hours,  between  IK  and  H,  it  falls  towards  the  east- 
ward. At  B  it  is  at  its  lower  culmination,  or,  in  other  words,  it 
is  on  the  meridian  helow  the  pole,  and  again  bears  North.  During 
the  third  »ix  hours,  between  B  and  E,  it  rise*  towards  the  taat- 
wanl;  at  E  the  star's  hour-angle  may  bo  expressed  either  as 
IH  lirs.  west  or  G  hrs.  east  of  the  meridian.  And  during  the  last 
six  hours  its  course  ia  upwards,  and  towards  the  weMu-ard,  till, 
after  a  lapse  of  24  sidereal  hours,  it  again  transits  at  A.  For 
southern  circumpolar  starii  the  direction  of  the  arrows  must  be 
reversed  and  tlie  kttt'rs  E  and  W  change  sides. 

If  the  night  bo  cluudless,  it  is  easy  in  the  northern  hemisphere 
— without  reference  to  the  compass — to  tell  when  a  star  is  near 
the  meridian  bolow  the  pole,  by  \i»  being  vertically  under  the 
Pole  star,  which  latter  is  now  scarcely  1^°  distant  from  the  pole 
itseie 

In  observing  the  meridian  altitude  below  the  pole,  the  scxtAitt 
n-iclingn  get  ktn  and  left,  until  the  lowest  point  is  reached,  when 
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the  star  may  be  said  to  be  "  down,"  in  the  same  sense  that  at 
noon  we  say  the  sun  is  "  up." 

To  find  the  latitude,  correct  the  altitude  by  Table  XV.  of  Norie.  BjC 
Find  the  star's  polar  distance  by  subtracting  the  declination  from  j^x 
90®.     Add  together  the  polar  distance  and  the  true  altitude,  and 
the  result  is  the  latitude,  without  further  trouble.     It  would  be  a 
puzzle  to  find  anything  more  easy, 

EXAMPLE. 

Entering  Channel  after  a  couple  of  days  of  cloudy  weather,  the 
sky  partially  cleared  to  the  northward  about  8  o'clock  in  the 
evening  of  November  6th,  1881,  when  the  meridian  altitude  of 
star  Dubhe  below  the  pole  was  observed  to  be  2V  68'.  Eye,  24 
feet     No  index  error.     Required  the  latitude. 

Dubhe*8  declin.  Nov.  6th    62**  23'  N.  (page  340,  N.  A.) 

90 

♦'s  observed  alt.  21**  SS*  N*. 


Dubhe's  polar  distance        27  37  N. 
„      true    altitude        21  51  K 

Latitude  49'  28'  North. 


CJorrection  (Table  X V. )  -     7 
*'a  true  altitude  21''  51' 


To  set  the  sextant  for  an  observation  on  the  meridian  below  the  hoi 
pole,  subtract  the  star's  polar  distance  from  the  latitude  by  dead  ^ 
reckoning,  which  will  give  the  approximate  altitude.  ion 

From  what  has  been  said,  it  will  be  apparent  that  to  find  the 
time  of  a  star's  transit  below  the  pole  on  any  particular  day,  it  is 
only  necessary  to  add  11  hours  58  minutes  to  the  time  given  in 
Table  XLIV.  of  Norie.  The  following  is  a  list  of  useful  circum- 
polar  stars  in  both  hemispheres. 

The  observer  being  to  the  northward  of  49**  North  latitude,  the 
undermentioned  are  available 


Dubhe,  or  a  Ursse  Migoris. 
y  Vnad  Migoris . 
Benetnasch,  or  17  UrssB  Migons 
Rastaban,  or  7  Draconis    . 
a  Oephe  18,  or  Alderaimin  . 


H.     M. 

Magnitude  2.— Right  Ascen.  10  66  ^ 

2.3  „  11  47  Bta 

„  2.  „  13  43  Nox 

2.3  „  17  54  ^^ 

„  3.2  „  21  16 


North  of  51**  North  latitude,  the  following  may  be  added  to 
the  list : — 

H.     M. 

Capella,  or  «  Aurigse  .        .        .  Magnitude  1.— Right  Ascen.    5    8 
a  Cygnus,  or  Deneb  ...  „  2.1  „  2038 

In  high  Southern  latitudes,  observations  below  the  pole  are  of 
greater  utility  than  with  us  in  the  more  favoured  hemisphere, 
where  the  Pole  star  is  on  duty  all  through  the  night     It  is  a 

Q 
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pity  the  Southern  celestial  pole  is  not  furnished  with  a  similar 
sentinel.  However,  it  has  half-a-dozen  stars  of  great  brilliancy, 
which,  though  not  quite  so  ready  to  hand,  go  far  to  make  up  the 
deficiency. 


List  of  nsofal 
dronmpolar 
stars  In 
Boutlieni 
hamlipliers. 


H.  M. 


Achemar    . 

Mag.  1- 

-Right  Ascen.  1  3: 

Canopus     . 

w 

n          6   21 

a  Crucis     . 

n 

i>     12  20 

/3  Oentauri . 

if 

„      13  65 

A  Oentauri . 

jy 

,,      14  32 

a  Pavonis  . 

ff 

f,     20  16 

Vvailable  to  the 
Southward  of 


>» 


»» 


ir 


ly 


U2»  s. 

47pS. 

38*  a 

40j*A 

40"  a 
43' a 


CHAPTER    IV. 

LATITUDE   BY   THE   NORTH   STAR  (Polaris). 

The  student  of  the  heavens  should  make  himself  practically 
acquainted  with  the  constellations  of  the  Great  and  Little  Bear 
as  starting  points  in  search  of  the  rest    The  first-named  is  very  ''^^  "  ^*"** 
conspicuous;  and  the  figure  formed  by  the  seven  principal  stars  «« puraffh." 
is  variously  termed — ^the  Plough,  the  Skillet,  the  Cleaver,  the 
Dipper,  the  Waggon,  and  Charles's  Wain. 

With  the  exception  of  the  Pole  Star,  those  in  the  Little  Bear  ^^  ""'*!• 
are  much  less  bright,  and  at  times  somewhat  difficult  to  make  out. 
The  star  at  the  extremity  of  the  tail  of  the  Great  Bear  (or  handle 
of  the  Plough)  is  named  Benetnasch,  and  the  corresponding  one 
in  the  Little  Bear  is  Polaris,  or  the  "  North  star,"  formerly  called 
RUCCABAH,  before  it  was  entitled  to  its  present  designation.  The 
two  stars  at  the  leading  end  of  the  Plough  are  called  the 
"  Pointers,"  because  a  line  through  them,  if  produced,  will  pass  The 
close  to  the  North  star — which,  by  the  way,  is  the  best  means  of 
finding  it  Of  these  two,  the  one  nearer  the  North  star  is  known 
as  DuBHE.  Both  Benetnasch  and  Dubhe  are  in  the  Nautical 
Almanac  Catalogue. 

The  North  star  (Polaris)  is  particularly  accommodating  in  afford-  ^^  i^oriii 
ing  seamen  a  ready  means  of  determining  the  lati.ule  at  any  hour  tioniariy 
of  the  night  This  invaluable  guide  is  now  a  degree  and  a  third  ^^JtSSd?* 
(IJ")  distant  from  the  Pole  of  the  heavens;  and  as  the  diameter 
of  its  diurnal  circle  (2|'')  is  small  in  consequence,  the  star's  ap- 
parent revolution  round  the  Pole  is  very  slow,  being  only  about  a 
9iinute  of  arc  (!')  in  three  minutes  of  tima  This  enables  observa- 
tions for  latitude  to  be  made  regardless  of  whether  it  is  on  or  off 
the  meridian,  as  an  error  in  the  time  used  in  the  computation — 
unless  very  considerable — ^has  but  little  effect  on  t'le  result 
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Did  the  North  star  but  occupy  the  esact  position  of  the  PiAe, 
it  would  be  a  fixed  point,  and  its  altitude,  when  corrected  for 
instrumeDtal  error,  dip,  and  refraction,  would  give  the  latitude  of 
the  observer  without  any  calculation  whates-er.  To  make  this 
fully  uuderstood,  the  writer  takes  the  liberty  of  quoting  from 
W.  It  RoBser's  book — The  .Surs;  How  to  Knovf  Them,  and  Bvm 
to  Use  Them* 
t  "  The  elevated  Pole  is  that  Pole  which  is  above  the  liorizon ;  and 
^  the  Elevation  of  the  Pole  is  the  Altitude  of  the  Pole  above  tho 
true  Horizon,  and  is  equal  to  the  Latitude  of  the  place  Thia 
may  be  shewn  as  follows : — 

"An  observer  under  tbo  Polo  (in  Lat  90')  has  the  Pole  and 
Zenith  in  one — therefore,  90°  above  the  Horizon ;  in  which  case, 
alao,  the  Horizon  coincides  with  the  Equinoctial  or  Equator.  By 
as  many  degrees  as  the  observer  goes  from  the  Pole  towards  the 
Equator,  by  so  many  degrees  does  his  Horizon  go  below  the  Equa- 
tor on  one  side,  and  approach  the  Pole  on  the  other  side ;  there- 
fore, the  Pole  approaches  the  Horizon  by  the  same  number  of 
degrees  as  the  Zenith  approaches  the  Equator — ue.,  the  elevation 
of  the  Pole  above  the  Horizon  is  equal  to  the  diatanet  of  tho 
Zenith  from  the  Equinoctial,  which  is  equivalent  to  the  distunc« 
of  (he  obeerver  from  the  Equator  ;  or,  in  othc*  words,  to  the  lati- 
tude of  the  place." 

Again,  it  may  be  put  this  way:— In  the  diagram  Z  represents 
the  zenith,  N  the  nadir.  FP  the  poles,  EQ  the  equator,  HH  the 
horixon. 


Then  ZE  is  the  arc  of 
Ibe  meridian  intercepted  be- 
tween the  Zenith  of  the 
place  and  the  Equator,  and 
]■  therefore  equal  to  the 
Latitude,  bIm  PH  U  the 
altitude  of  the  Pole. 


I 

I 
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Now  PE  is  equal  to  90°,  and  ZH  is  equal  to  90";  therefore,  PE 
is  equal  to  ZH.  Take  away  the  common  part  ZP.  Then  ZE  is 
equal  to  PH,  or,  the  latitude  is  equal  to  the  altitude  of  the  Pole. 

The  foregoing  explanations  are  probably  as  simple  as  they  can 
well  be  made ;  nevertheless,  to  understand  them  requires  concen- 
tration of  thought  Therefore,  when  they  are  being  studied,  one 
must  not  be  dreaming  about  something  else,  or  the  result  will  be 
unprofitable. 

At  present  the  Pole  is  approaching  the  North  star,  and  in  a  ▼•«»  Vom 
century  and  a  quarter  will  have  reached  within  half  a  degree  of  star, 
it,  when  it  will  commence  to  recede,  and  gradually  come  nearer  to 
the  bright  star  Vega,  which,  in  about  12,000  years — owing  to  what 
is  known  as  the  Precession  of  the  Equinoxes — will  then  become 
the  Pole  star. 

The  imaginary  point  representing  the  Pole  of  the  heavens  may  how  to  find 
be  found  by  drawing  a  line  from  «  Ursse  Majoris  (the  first  star  in  j^Je^Stto 
the  tail)  to  within  a  degree  and  a  third  of  the  North  star.    These  hoavoM- 
two  stars  are  consequently  on  diametrically  opposite  sides  of  the 
P0I&     When  <  UrssB  Majoris  is  six  hours  from  the  meridian,  the 
North  star  will  be  so  also,  and  its  altitude  in  that  position  will  be 
nearly  the  same  as  the  elevation  of  the  Pole.    It  will  be  known  how  to  know 
when  this  is  the  case  by  a  line  through  « Ursae  Majoris  and  Polaris  jSSiialiiMiio 
being  parallel  with  the  horizon.     The  eye  can  guess  this  pretty  oioratioii  ai 
accurately.    At  the  same  time,  a  line  from  fi  in  the  Little  Bear, 
drawn  midway  between  t  and  Zt  will  also  be  horizontal,  and,  of 
course,  parallel  with  the  other. 

An  altitude  at  such  times,  simply  corrected  by  Table  XV.  of 
Norie,  will  give  a  rough  shot  at  the  Latitude.  This  is  mentioned, 
not  to  advocate  such  a  slap-dash  mode  of  finding  it,  but  to  exhibit 
the  principle. 

As  a  matter  of  fact — ^for  an  accurate  determination — ^the  Pole 
star  is  then  in  its  worst  possible  position,  as  at  such  times  its 
vertical  motion  is  most  rapid,  and  an  error  in  the  time  produces 
its  greatest  effect,  namely  1'  of  latitude  for  every  three  minutes  of 
error  in  the  time.  On  the  other  hand,  when  the  Pole  star  is  near 
the  meridian  either  above  or  below  the  pole,  its  motion  in  altitude 
is  least,  and  an  error  in  the  time  is  of  little  or  no  consequence. 
Reference  to  Table  XVII.  of  Norie  will  shew  that  for  half  an 
hour  on  either  side  of  the  meridian  the  altitude  will  barely 
change  1',  so  that  the  observer  has  ample  time  to  get  a  good  sight 
without  being  embarrassed  by  the  rising  or  falling  of  the  star.  JJlLSf"* '"' 
This,  then,  is  the  best  time  for  observing.  poiottar. 


THE  PLOUGH. 


Tl'K   LCTTLE   Be* 


I 

i 
i 


bg>t  flms  ft 

obsarrlng. 


The  tiiuo  of  transit  may  be  found  by  consulting  Table  SLIV. 
of  Norie,  ox  by  the  appearance  of  the  Great  and  Little  Bear. 
When  •  Ursro  Majoris  (sometimes  called  Aliolh)  ia  vertically 
above  or  below  Polaris,  or  when  a  line  from  ^  traced  midway 
between  »  and  Z  of  the  Little  Bear  is  "up  and  down,"  the  North 
star  will  be  on  or  ntar  the  meridian.  The  diagram  will  exhibit 
this  state  of  affairs  by  slneing  it  a  quarter  of  the  way  round,  so 
tliat  one  of  the  sides  marked  M  shall  face  the  reader,  y  and  ^  in 
the  Little  Bear  arc  sometimes  called  "  the  Guards." 

There  are  two  ways  of  working  out  the  latitude  by  Polaris ;  one 
is  known  as  the  Naulteat  Almanac,  and  the  other  as  the  Epitome, 
method.  The  former  is  the  more  exact,  and  as  tlie  diOereoce 
in  the  length  of  the  calculation  is  so  triUing  as  not  to  bu  worth 
speaking  about,  the  preference  is  given  to  it,  especially  since  it 
possesses  the  decided  advantage  of  familiarizing  the  navigator 
with  Sidereal  Time  in  the  precise  form  employed  in  certain  of  the 
stellar  problems  herein  treated  of.  Ther€fore,  mark  well  how  it  ta 
arrived  at.  It  is  a  matter  of  importance,  in  the  first  place,  to 
select  a  good  form  of  working,  ami  then  to  ttick  to  it.  This  has 
been  made  a  leading  feature  in  "  Wrinkles" 

EXAMi'LE. 

At  about  SIO  P.lL,  May   19tb,  1880,  vhen  in  Latitado  and 

Longitude  by  account  41°  47'  N.  and  55'  45'  W..  observed  the 

altitude  of  star  Pokris  to  bo  40"  'MX,  when  a  chronometer  which 


I 
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was  3m.  66a  slow  of  G.M.T.  shewed  llh.  41m.  31s.  P.M.  same  data 
Eye  32  feet     Index  error  +  45". 

H  M.  a. 

11  41  31  Time  by  chronometer. 
4-       8  56  Error  of  chrouometer. 


11  45  27  G.M.T. 
-  8  43  00  Longitude  in  time  W. 

8    2  27  Mean  time  at  ehipi 
+  •  50    8  Sid.  time  at  Greenwich  mean  noon. 
+       1  66  Acceleration  for  llh.  45m.  27s. 


Observed  alt.  of  Polaris     ..        ..40 
Index  error + 

40 
Correction,  Table  XV.  of  Norie  ..  - 

36} 

Nautical 
Almanac 
method* 

True  altitude 40 

Constant  correction - 

81 

1 

Reduced  altitude 40 

Ist  corr.  Table  I.  N. A., page  48S  . .  +  1 
2nd  corr.  Table  IL  N.A.,  page  484      0 
8rd  corr.  Table  HI.  N.A.,  page  484+ 

80 

16i 

00 

1 

Latitude       41* 

46i'N. 

11  64  81  Sidereal  time  of  obeervation  at  ship, 
or,  in  other  words,  the  Bight  Ascen- 
fiion  of  the  Meridian  of  observer. 


This  looks  formidable  on  account  of  the  explanatory  writing  at 
the  sides,  which  is  inserted  as  a  guide  to  the  learner ;  but  in  actual 
practice  most  of  this  is  omitted,  and  the  figures  themselves  are  not 
many. 

In  the  N.A.  method  (vide  above  example)  there  is  a  constant 
correction  of  1'  subtractive ;  and  as  the  question  has  often  been 
asked  why  the  true  altitude  should  always  be  diminished  by  this 
amount  without  any  apparent  reason,  the  explanation  is  now 
given : — ^In  the  construction  of  Table  IL  the  Polar  Distance  and 
Right  Ascension  of  the  North  Star  are  assumed  to  be  invariable 
throughout  the  year,  but  this  is  not  the  case,  as  may  be  seen  by 
turning  back  to  the  Table  on  page  311  of  the  N.A,  for  1884. 

Table  III.,  which  is  an  auxiliary  to  Table  IL,  depends  on  the 
difference  between  the  true  and  assumed  values  of  the  P.D.  and 
R A.,  and  contains  the  necessary  correction,  increased  by  V  for  the 
sake  of  rendering  the  quantities  always  additive ;  and  as  it  would 
not  do  to  allow  this  convenient  unit  to  remain  to  vitiate  the  result, 
it  is  quietly  got  rid  of  near  the  beginning  of  the  problem. 


CHAPTER    V. 


UTtlirDB  BT  EZ-HERlDtAN  ALTrTUDB  OF  THE  SUV. 

Of  the  various  luotliods  for  computing  tlie  reduction  to  tho 
mt^tMtba  meridian,  Towson's — -whicb  is  independent  of  the  latitude  by 
*»"■  account — is  undoubtedly  the  easiest,  as  well  as  the  most  accurate 

TnvBon'B  for  sea  practice.  His  tables,  however,  only  extend  to  23'  20'  of 
w  231'  ot  declination,  so  that  if  stars  be  observed  whose  declination  cxc^Kids 
deoiinaUoB.     tjiig  quantity,  it  is  advisable  to  have  recourse  to  the  method  given 

on  page  211  of  Xorje'e  Epitome  (20th  edition). 
meUMi  ooni««  ^^^^  ^^^  ^^J  "*  cloudy,  the  sun  or  other  celestial  body,  though 
to  tb*  FMciw.  it  may  happen  to  be  obscured  so  ihat  the  meridian  altitude  is 
unattainable,  nevertheless  frequently  appears  for  short  intervals 
both  before  and  after  its  meridian  passsge.  If  not  observed  sb 
these  times,  the  Latitude  may  be  lost  for  the  day;  and  as  the 
finding  of  the  Longitude  is  generally  dependent  upon  a  correct 
knowledge  of  the  Latitude,  the  morning  sights  will  have  been 
taken  to  little  purposa 
^AdnntacMof  Iq  addition  to  the  extreme  simplicity  of  the  Ex-meridiaa 
'  problem,  it  ba'^  this  to  recommend  it, — that  neither  is  the  patience 
taxed,  the  eye  fatigued,  nor  the  instrument  unnecessarily  exposed 
by  the  uiual  weary  waiting  for  the  Meridian  altitude,  as  one 
obflervatitu  within  the  prescribed  limits  suffices  for  the  correct 
determination  of  tho  Latitude,  if  the  Apparent  Time  at  Ship  be 
known  with  tolerable  accuracy.  Were  it  not,  indeetl,  that  the  wid« 
application  of  this  most  useful  problem  b  somewhat  restricted,  it 
would  deserve  to  rank  before  that  of  the  Meridian  altitude,  which 
latter — wnce  the  introduction  of  an  easy  solution  of  the  Ex- 
meridian  problem — is  certainly  no  longer  of  the  same  import&nce. 
I£  the  value  of  the  problem  under  consideration  be  somewhat 
'  lessened  owing  to  ita  uusui lability  in  low  latitudes,  it  must  not 


I 


AppttMtloa 


RULE  LIMITING  HOUR-ANGLE.  249 

be  forgotten  that  in  such  regions  there  is  generally  but  little 
difficulty  in  getting  the  sun  exactly  at  noon,  so  that  the  inapplica- 
bility of  the  method  at  such  times  is  not  much  felt. 

The  rule  regulating  the  limits  within  which  Ex-meridians  may  Bntorogtia- 
be  taken  is  easily  remembered,  namely — The  hour  angle  of  the  ^£?"*' 
«m,  or  time  from  noon,  shovld  not  exceed  the  number  of  degrees 
in  the  8un*8  meridian  zenith  distance.  Therefore,  if  the  sun's 
meridian  altitude  be  about  80^  the  time  from  noon  of  an  Ex- 
meridian  observation  should  be  less  than  ten  minutes.  In  Tow- 
son's  method,  the  Tables  admit  of  a  20  minute  hour  angle  with 
an  altitude  of  74^  beyond  which  it  is  not  prudent  to  go,  as  the 
results  would  be  doubtful. 

The  correctness  of  the  Latitude  deduced  from  the  method  of 
reduction  to  the  meridian,  depends  upon  the  accuracy  with  which 
the  Apparent  Time  at  Ship  is  known,  and  the  higher  the  altitude 
the  greater  is  the  precision  required  in  the  time.  If  sights  have  been 
taken  at  a  suitable  hour  in  the  morning  (see  chapter  on  Longitude 
by  Chronometer),  there  should  be  no  hitch  on  this  account  But 
admitting  the  Apparent  Time  to  be  in  error  somewhat,  there  is  still 
a  way  of  circumventing  the  difficulty.  Oet  a  P.M.  Ex-meridian  Dodg«  wlmi 
as  well  as  an  A.M.  one,  and  endeavour  that  both  shall  have  about  JJS/"*^  ** 
the  same  altitude.  The  mean  of  the  two  resulting  latitudes — 
after  each  has  been  reduced  to  noon — wiU  be  within  a  fraction  of 
the  truth.     In  a  note  Towson  says : — 

"If  equal  altitudes  be  taken  before  and  after  the  meridian Towion*! 
passage,  half  the  elapsed  time  may  be  employed  as  the  hour  angle  ***«•• 
for  determining  the  reduction.     Or,  when  the  altitudes  before  and 
after  noon  differ  by  only  a  few  minutes,*  the  mean  of  the  two 
may  be  reduced  by  employing  half  the  elapsed  time  as  the  hour 
angle  for  reducing  the  mean  altitude." 

In  these  rules  no  allowance  is  made  for  observer's  change  of  Baralis 
position ;  and  though  they  may  be  sufficiently  accurate  in  a  slow  ^^^^^ 
moving  vessel  when  the  hour  angle  is  small,  or  where  the  course  of  iKMition. 
is  nearly  East  or  West,  it  would  scarcely  do  in  a  fast  steamer, 
steering  North  or  South  with  a  large  hour  angla     So  if  these 
rules  should  at  any  time  be  employed,  care  must  be  taken  to  see 
that  the  circumstances  are  not  objectionable. 

There  is  yet  another  dodge,  when  the  time  is  uncertain,  by 
which  it  may  be  approximately  corrected.  If  two  equally/  good 
Ex-meridian  altitudes,  with  an  interval  between  them  of  say  ten 

•  Minutei  of  aro  ( ')  aro  of  course  meant. 
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Mode  of  Bp- 
proilmately 
correcting 
Boor  Angle. 


minutes,  be  takea  on  the  same  side  o£  noon ;  and  the  second 
latitude,  on  being  worked  back  to  the  place  of  the  first  by  allow- 
ing the  correction  due  to  the  course  and  distance  in  the  interval, 
does  not  agree  with  it,  the  Time  ia  probably  in  error ;  in  which 
cose  the  mean  latitude  is  not  to  be  taken  as  the  true  latitude, /««« 
the  fact  that  an  error  in  the  lime  affects  UaU  the  oheenation  neartal 
the  meridian;  which  latter  is  accordingly  to  be  preferred.  It  will 
be  easy  then  to  find  by  trvil  the  hour  angle  which  will  make  the 
first  result  agree  with  the  last;  and  thus  the  Apparent  Time  may 
be  approximately  corrected. 

It  is  unnecessary  in  these  pages  to  pive  the  rules  for  working 
"  Ex-nierids.""  as  the  two  recommended  will  be  found  respectively 
ID  Towson's  pamphlet  and  Norie'g  Epitome.  The  Apparent  Time  at 
Ship  is  deduced  from  the  chronometer  time  in  the  manner  already 
explained  in  the  chapter  about  "Azimuths." 

The  student  will  do  well  to  take  liia  books  and  pencil,  and 
follow  out  the  work  in  the  subjoined  example,  which  is  solved  by 
each  of  the  two  methods  above  referred  to.  By  so  doing,  certain 
"important  simplicities"  wiU  in  each  case  be  forced  upon  his 
attention. 

EXiMPLE. 

November  18th,  I8S1,  about  seven  bella  in  the  forenoon,  in 
Latitude  by  account  51°N.,aud  Longitude  11°30'W.,  the  observed 
altitude  of  the  sun's  lower  limb  was  19''  20}'  S.,  when  a  chrono- 
meter which  was  4iii.  slow  of  G.M.T.  shewed  Oh.  2m.  30s.  f.1l 
same  date.  Eye  21  feet  Required  the  latitude  at  instant  of 
observation,  and  also  al  fuxm;  the  ship  making  S.  14°  \V.  (true), 
14  knots  per  hoi  r. 

'■  EX-MERID."  (Towson's  Method.) 

Saii'aob»rn<diiIHlud*..        ..    U*S»'a 
tWTKUuu,  labia  IX.  (.Xoria)  .  +        Hi 
Augm.,  Tkblr  11— IndMiei     ..+        ^ 

Ansneatsd  tiuc  all.       ..        ..    U  »1 

TO  141  M. 

Til 
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NORTE'S  EX-MERIDIANS,  251 

The  observation  on  last  page  is  given  below,  worked  according  Relative 
to  Norte's  Epitome,  and  since  the  finding  of  the  hour  angle  and  the  j^j^^^?,  ^j^ 
correcting:  of  the  sun's  declination  is  the  same  in  each  case,  they  Horie'i 
are  both  left  out  to  avoid  unnecessary  repetition.     This,  however, 
must  not  be  allowed  to  mislead  in  estimating  the  relative  length 
of  the  two  methods.     Towson's  is  much  the  shorter  and  easier ; 
nevertheless,  if  compelled  to  fall  back  upon  Norie's  method  for 
stars  whose  declinations  exceed  23^",  the  navigator  will  find  no 
trouble  whatever  in  mastering  it 

"EX-MERID."  (Nome's  Method.) 

Son's  boor  angle,  Oh  24ni.  64a Log.  rbing  Table  XXIX.    2-77061 

Latitude  by  account  61*  N „    cosine  ..        ..    0*79887 

Sun's  COTT.  dedin.,  19*  20|' 8 „     coeine  ..        ..    9-97476 

Natural  uunilter     ..  860*1*  Log...    2*64414 

Son's  true  altitude    ..    19*29i'   ..  Natural  sine  ..     833601  ' 

Merid.  Een.  distance  . .    70*  18*  N.    Natural  couine       ..        ..     337102 
0's  corr.  declin.         ..    19  20}S,  """" 

Latitude 60*  67^'  N.  at  time  of  observation. 

Correction  for  run      . .  -        6^  8. 

Latitude 60*  61^' N.  a<  noon. 

It  is  veri/  important  to  understand  that  the  above  meridian  Ez-marldiaa 
zenith  distance,  70"  18',  was  the  sun's  actual  meridian  zenith  dis- fJ^tSawo?*^ 
tance  at  the  place  where  the  altitude  was  taken  ;  and  the  resulting  olMwrvatton, 
latitude,  SO"*  57 J'  N.,  was  the  latitude  of  the  ship  at  the  time  of  the 
observation  (not  at  noon).     Therefore,  always  bear  in  mind  that 
the  Latitude  found  by  an  Ex-meridian  altitude  is  the  Latitude 
of  the  ship  at  the  instant  of  observation,  and  if  afterwards  you 
should  require  to  know  what  it  is  at  noon,  you  must  correct  it  by 
the  dijfference  of  latitude  (out  of  the  traverse  tables)  due  to  the  course 
and  distance  which  the  ship  has  made  in  the  interval. 

Ignorance  of  this  has  been  a  fruitful  source  of  error  with  many  oomnum  nii- 
seamen  of  the  writer's  acquaintance,  who,  until  it  was  fully  ex-  ^^"'^•p**^*"- 
plained  to  them,  were  inclined  to  dispute  the  truth  of  the  above 
statements.  It  is  easy  to  see  that,  in  a  case  similar  to  the  imagi- 
nary one  pictured  on  pages  230 — 231,  if  the  latitude  were  found  by 
an  "Ex-merid.,"  instead  of  the  meridian  altitude,  and  if  the  reduction 
to  noon  were  not  made,  a  like  catastrophe  might  well  ensue. 

*  Attention  is  called  to  the  footnote  in  Norie's  later  cditionii,  which  says,— 
"This  'natural  number*  had  better  aivfaya  be  taken  out  to  one  place  of  decimaJU  (aa 
shewn  in  the  example),  as  then  the  nat.  sine  of  the  trne  altitude  can  be  taken  to 
tix  figures.  If  no  decimal  figure  be  taken,  the  nat.  sine  must  only  be  taken  to  the 
fint  five  figivra,**  The.  writer  considers  it  quite  unnecessary  to  work  to  six  figures, 
■o  the  decimal  had  better  always  be  omitted^  and  the  nat.  sine  of  the  tme  ftltitudo 
only  taken  out  Xofive  figures. 


Before  going  any  deeper  into  the  Tarious  star  problems  wliich 
are  conaideteJ  of  practical  value,  it  is  as  well  that  the  reader 
should  be  thoroughly  at  home  in  the  subject  of  Time — especially 
Sidereal  Time.  The  word  Sidereal  means— of  or  belonging  to  the 
stars,  and  is  derived  from  the  Latin  Sidue,  a  star. 
BldsTMi  itr.  A  Sidereal  Jay  b  the  period  in  which  the  earth  performs  one 
complete  revolution  round  its  axis,  and,  setting  fractions  on  one 
aide,  is  equal  to  23h.  5(Jm.  4s.  of  mtan  time,  as  measured  by  our 
clocks  or  watches ;  so  that  the  common  expreaaion,  that  the  world 

I  revolves  ouce  in  twenty-four  hours,  is  incorrect,  unless  Sidereal 

hours  are  either  specified  or  understood.* 
A  Sidei'eal  dny  is  shorter  than  a  viean  Solar  day  by  3m,  66a. ; 
consequently,  the  stars  come  to  the  meridian  of  any  place  nearly 
four  minutes  of  clock  time  earlier  on  each  succeeding  day.  Their 
revolution  in  the  heavensf  may  be  taken  as  perfectly  regular, 
since  our  distance  from  the  stars  is  so  inconceivably  great,  that 
the  earth's  annual  motion  in  space  is  quite  imperceptible  when 
compared  with  itj     With  the  sun  it  is  otherwise.     Owing  to  the 

'  Th«  iDtATTftl  occupisd  hy  the  eutli  io  perfoimitig  one  mcilotim  rDDnd  Ita  uia  b 
the  ttandard  lot  tlw  msuursmeiit  <jf  time.  The  teludty  of  mMtJon  u  etm- 
ndcred  naver  to  T«ry  in  tha  ilighUat  dejfreo  ;  but  Kit  Willuun  Th.-m*in  (ProfoiiKir  ..f 
Nktunl  Scienca  M  Ihs  t7aircr>ity,  Cllugow),  mppKHn,  from  rertatd  eiitfa«m»tlMl 
Invutigation*  BuJa  by  him,  tlwt  this  raaj  not  ba  altoitQther  true.  Theaa  inrutiBit- 
tiotx  lekd  hiiD  to  believe  iu  Ibe  pnasibilit;  ut  tb«  eutb'i  motion  being  inflnitadnulljr 
ntuded  b;  the  ti-Ui  Btiie,  wbicb,  moving  in  lbs  apfxiute  dirvetion,  wt*  npoD  it  kfter 


Dmllr  reroln- 
tlos  af  (tan 
Derr«t]7 


bnkb     Kram  the  impoMnbililj  kt  ptetiit 
docki  to  gn  with  nifilcielit  MKOtirity.  Ihrra  is  no  dimst  waj  of 
t  Id  the  lui^uig*  of  DKCtiol  attroiiom)',  ib^  «artb  (for  mIu  a 
^erad  u  itandiDg  ttU),  and  the  hekTau  to  ba  ituiTin|[  rMUtd  jt. 
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non-coincidence  of  the  Equator  with  the  Ecliptic,  and  the  unequal 
motion  of  the  sun  in  the  latter,*  due  to  the  eccentricity  of  the 
earth's  orbit,  the  solar  days  are  of  varying  length.  The  period  solar  days 
between  two  successive  transits  of  the  sun  is  known  as  an  Ap-  J^j^^ 
parent  Solar  Day  ;  but,  from  its  irregularity,  it  would  be  impos- 
sible to  get  clocks  which  would  conform  with  it,  so  as  always  to 
point  to  12  when  the  sun  was  on  the  meridian. 

To  get  over  this  and  other  difficulties,  astronomers  conceived  laiagiiiazy  or 
the  idea  of  creating  an  imaginary  sun — ^which,  like  the  stars,  ^•*'^  *^"' 
would  be  uniform  in  its  motion.     The  interval  between  two  suc- 
cessive transits  of  this  imaginary  sun  is  termed  a  Mean  Solar 
Day,  and  is  equal  to  the  mean  or  average  of  aU  the  Apparent 
Solar  Days  in  a  year.    It  is  this  to  which  our  clocks  and  chrono- 
meters are  adjusted,  as  well  for  navigational  as  the  every-day 
purposes  of  life ;  but,  in  observatories,  it  is  also  customary  to 
have  an  additional  clock  regulated  to  Sidereal  Time,  on  account 
of  its  greater  convenience  in  connection   with  certain  of  the 
astronomical  observations     The  dial  of  this  clock  is  numbered  sidortal  dock 
up  to  24  hours,  so  that  the  short  hand  makes  but  one  round  of  JJJJtod^ 
the  circle  in  the  day.f 

The  difference  between  the  place  of  the  real  and  imaginary  sun 
is  familiarly  known  to  sailors  as  the  Equation  of  Time.  Some-  savAtton  of 
times  the  imaginary  sun  is  ahead  of  the  real  one,  and  sometimes  '*"•• 
it  is  astern  of  it,  according  to  the  period  of  the  year.  The  fact  as 
to  which  of  the  two  is  leading  decides  the  application  of  the  equa- 
tion of  time,  as  set  forth  in  the  precept  at  the  head  of  its  column 
in  the  Nautical  Almanac, 

A  sim-dial  shews  Apparent  time,  and  consequently  its  indica-  Apuuwit 
tions  will  only  agree  with  Mean  or  clock  time  when  the  real  and  ]^Jl^ 
imaginary  suns  happen  to  coincide,  or  pass  the  meridian  at  the  b^tweon 
same  instant.     This  actually  occurs  four  times  in  a  twelvemonth,  SSSkiittS* 
namely,  about  April  14th,  June  13th,  August  31st,  and  December 
23rd.    Accordingly,  on  these  days — at  a  particular  moment — the 
Equation  of  Time  is  nil. 

The  foregoing  explanations  ought  to  make  clear  the  meaning 
of  the  terms  Apparent  Solar  day  (apparent  time),  Mean  Solar 
day  (mean  time),  and  Sidereal  day  (sidereal  time).     Until  the 


*  See  footnote  on  page  280. 

t  Id  parenthedfl,  let  it  be  here  remarked,  that  chronometers  for  use  on  ihip-board 
should  have  their  faces  figured  in  a  similar  manner.  Were  it  so,  it  would  save  many 
mistakes. 
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;iipr«Iieinia  them  he  had  better 


reader  feels  that  he  perfectly 
not  attempt  to  go  further. 

Mean  time  begins  (that  is,  a  mean  solar  clock  points  to  Oh.  Om.  Os.) 
at  mea-n  noon;  or  what  is  the  same  thing — at  tlie  instant  of  the 
pa-s-sage  of  the  imaginarj/  sun  across  the  meridian. 

iSiW«-«i/(«mebegins(that  is,  a  sidereal  clock  points  to  Oh.  Ora.  Os.) 
when  the  first  point  of  Aries  is  on  the  meridian,  and  is  counted 
straight  through  24  hours  till  the  same  point  returns  again.  Tlio 
hour  angle  or  meridian  distance  of  this  point  is  accordingly  Side- 
real tinie. 
^Xlnt  point  ot  It  is  now  necessary  to  know  what  ia  meant  by  the  first  point 
of  Aries.  It  is  that  point  in  the  heavens  which  the  sun's  centre 
occupies  at  the  Vernal  equhiox  whc-n  its  declination  changes  from 
South  to  North ;  or,  as  sailors  say,  when  the  sun  croaaea  the  Lint 
bound  North. 

This  point,  like  the  mean  sun,  is  purely  an  imaginary  one,  as 
nothing  exists  to  mark  its  place,  nor  would  it  be  any  particular 
advantage  were  it  otherwise ;  moreover,  the  point  itself  is  liable 
to  a  certain  slow  movement  westward, — so  slow,  however,  as  not 
to  affect  perceptibly  the  interval  of  any  two  of  its  successive 
returns  to  tlie  meridian,  although  in  a  year  the  amount  ot  retro- 
gression (50"),  as  it  is  called,  ia  quite  appreciable. 

It  is  from  this  point  as  zero  that  the  Right  Aaefimons  of  all 
a  cc-leatial   bodies  are  measured.     The  Itly/U  Aecfneitm  and  dedi- 
nation  of  a  point  in  the  heavena  corrceponda  to  the  Longitude  aiid 
i^atilvde  of  a  elation  on  the  earth. 

Jiii/lit  Aaceiusion,  which  we  come  across  so  frequently  in  Nautical 
Astronomy,  may  be  defined  as  oji  arc  of  the  equator  included 
between  the  first  point  of  Ariea  and  the  celestial  meridian  of  the 
body  it  refers  to,  and  is  reckoned  on  the  cfketial  equator  exactly 
as  the  Lon^tude  of  places  on  the  earth  is  reckoned  on  our  equator  j 
with  this  distinction,  liowever.  that  Riijhl  Aaeetmon  ia  rtckonM 
eontinuoiwlif  th-ouijh  24  honra  from  uvst  to  eaH,  or  in  Uie  opposite 
direction  to  the  apparent  diurnal  motion  of  the  heavenly  bodies. 
— whereas  Jjmgitude  is  counted  as  east  or  west  of  Greenwich,  or 
any  other  arbitrary  meridian,  such  as  Paris,  or  Cadiz,  according 
to  caprice.  Moreover,  as  the  stars  do  not  preserve  that  constant 
potation  with  respect  to  the  meridian  which  they  do  with  respect 
to  the  equator,  there  cannot  be  that  corrcspotulence  between  Right 
Aarmaion  and  Lungtlude  which  does  exist  between  Declijutiion  and 
Jjfi tit  tide. 

This  Wing  understood,  we  next  come  to  tho  term  Hour  ai^e,  or 


I 

I 
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Meridian  distance  as  it  is  sometimes  called.     It  may  be  defined  Deflnlttcm  of 

,  Hour  Afi|rt#i, 

as  the  angle  at  the  Pole,  included  between  the  meridian  of  the 
observer  and  the  celestial  meridian  of  the  body  referred  to.  Like 
the  Right  Ascension,  the  Hour  angle  is  measured  on  the  celestial 
equator  in  the  same  way  that  Longitude  is  measured  on  the  ter- 
restrial equator.* 

In  turning  these  definitions  over  in  the  mind,  one  must  try  not 
to  get  "  mixed,**  as  will,  however,  very  likely  be  the  case  with 
those  whose  attention  has  only  been  seriously  called  to  them  now 
for  the  first  time.  Do  not  be  disheartened  and  tempted  to  skip,  "Time"— a 
but  try  back,  and  each  fresh  reading  will  give  more  insight,  until  IJJJ^* 
the  whole  is  as  plain  as  A  B  C.  Often  it  is  a  good  plan  to  sleep 
on  a  matter  difficult  to  understand,  and  attack  it  again  in  the 
morning  when  the  brain  is  vigorous. 

Time  is  an  essential  element  in  navigation,  and,  entering  as  it 
does  into  all  of  the  astronomical  problems,  is  as  necessary  to  be 
understood  as  the  points  of  the  compass.  Unfortunately  there  is 
no  "  royal  road  "  to  these  more  abstruse  questions — nothing  for  it 
but  to  hammer  away  at  them  with  all  possible  concentration  of 
thought  till  the  victory  is  gained. 

If  the  reader  has  got  a  clear  conception  of  the  foregoing,  he  will  E<i!uai^  tn 
scarcely  require  to  be  told  that  the  Hour  angle  of  the  first  point  £,Q,^|^i^ 
of  Aries  is  equal  to  the  Eight  Ascension  of  the  Meridian  of  an  ^^fj^* 
observer,  which  again  is  precisely  the  same  thing  as  Sidereal  Time. 
From  this  it  follows  that  difference  of  Right  Ascension  may  with 
perfect  propriety  be  considered  as  a  portion  of  Sidereal  time,  or  as 
Longitude, 

Thus,  if  a  certain  star  were  on  the  meridian  of  any  place — say 
New  York — at  the  same  instant  that  another  star  was  on  the 
meridian  of  Greenwich,  the  difference  of  the  Right  Ascensions  of 
these  two  stars  would  be  equal  to  the  Longitude  of  New  York. 

By  turning  to  page  II.  for  the  month  in  the  Nautical  Almanac, 
it  will  be  found  that  the  last  or  right-hand  column  is  headed 
"Sidereal  Time."  In  the  words  of  the  explanation  given  on 
page  495  of  the  N.  A.  for  1884,  this  "Sidereal  Time"  "is  the 
angular  distance^  of  the  first  point  of  Aries,  or  the  true  vernal 
equinox  from  the  meridianj  at  the  instant  of  Mean  noon.  It  is, 
therefore,  the  Right  Ascension  of  the  Mean  sun,  or  the  time  shewn 
by  a  sidereal  clock  at  Greenwich,  when  the  mean  time  clock 
indicates  Oh.  Om.  Os."     In  proof  of  this  it  will  be  noticed  on  the 


*  It  must  nut  be  forgotten  that  longitude  ia  reckoned  in  time  as  well  as  in  arc, 
t  Reckoned  in  time,  not  in  a^e,  %  At  Greenwich. 


356 


nXE  PSOBlBJIfS. 


same  page  that  tho  Equation,  of  Time  U  equal  to  the  difference 
between  the  Apparent  Jtiffht  Ascension  of  the  sun  at  Mean  noon, 
and  the  Sidercol  time  at  Meati  noon. 

By  the  foregoing,  it  ought  to  bo  again  wade  evident  that 
Sidereal  Time  and  Rifflit  Ascension  of  the  meridian  are  one  and  the 
Batne  thing.  Now,  since  the  measure  of  Sidereal  time  is  identical 
with  the  meaanro  of  Longitude,  if  by  any  means  we  can  know 
the  Sidereal  time  at  Greenwich  corresponding  to  the  Sidereal  time 
at  Ship,  we  have  at  once  the  Longitude  of  the  ship  as  measured 
from  Greenwich. 

simiurtty  o(       In  the  thoughtful   mind  the  question   may  be   raised   as  to 

Mean'nmB*    whether  Longitude,  when  measured  by  an  interval  of  Sidereal 

iDiervala.       time,  is  the  same  as  when  measured  (numerically  speaking)  by  a 

similar  interval  of  Mean  time,  seeing  that  sidereal  and  mean  time 

have  diffi-rcut  absolute  values.     Raper,  in  a  foot-note,*  disposes  of 

this  question  thus : — 

"  The  diff.  long,  is  found  as  welt  by  means  of  the  motion  of 
a  star  as  of  the  sun ;  that  is,  by  means  of  a  clock  or  chronometer 
regulated  to  Sidereal  time,  as  well  as  by  one  regulated  to  Mean 
time.  For  although  the  absolute  interval  of  time  employed  by  a 
star  in  moving  from  one  meridian  to  the  other,  is  less  than  that 
employed  by  the  sun,  yet  it  is  divided  into  the  same  number  of 
hours,  minutes,  and  seconds,  but  which  are  of  smaller  magnitude, 
and  thus  the  difference  of  time  results,  in  numbers,  the  sameL*' 

In  finding  the  longitude  at  sea,  the  Sidereal  Time  al  Ship  la 
obtained  by  calculation  from  observations  of  the  stars  themselves, 
but  the  Sidereal  Time  at  Greatwich,  with  which  to  compare  it, 
is  dependent  upon  the  accuracy  of  the  chronometers  employed  in 
the  operation,  and  is  found  as  follows.  To  the  chronometer  tune 
of  observation  apply  its  error,  which,  of  course,  gives  Greenwich 
Mean  Time.  To  this  add  the  Sidereal  time  for  Uie  preceding 
Mean  noon,  taken  from  the  last  column  on  page  IL  of  the 
mouth. 

Bowto  It  now  becomes  necessary  to  change  the  given  Greenwich  Mean 

duDga  cn)ck  Time  into  sidereal  measure  by  adding  to  it  the  acceleration  uken 
""  "",  from  a  table  of  time  equivalents  to  be  found  on  page  480  of 
the  N.A.  for  1884.  This  table  is  also  given  in  Norie'a  Epitome, 
where  it  is  numbered  XXXVIIL.  and  is  used  for  converting 
intervals  of  mean  solar  time  into  equivalent  intervals  of  sidereal 
time.     In  actual  practice  the  hundredths  would  be  rejected. 


*  Yf9  157,  Utirtmnlh  aditiuo. 


CHANGING  MEAN  INTO  SIDEREAL  TIME. 
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EXAMPLE. 

Required  the  Sidereal  Time  at  Oreenwich  on  March  28th,  1881,  B»mpi«  of 
when  a  chronometer  which  was  6m.  42a  fast  of  G.M.T.  shewed  at  Greenwich. 
9h.  15m.  18s.  same  date : — 

H.   M«   Sk 

Time  by  chronometer. 9  16  istX) 

Chronom.  fast  of  G.M.T. -      5  42tX) 

Oreenwich  Mean  Time 0    0  setK) 

Sidereal  time  at  preceding  mean  noon,  viz.,  March  28th.     0  24    9*57 

By  Table,  the  acceleration  for  9h.  of  Green.  Mean  Time  is  +      1  2871 

,y  n  9ni-  „  „  .  +      0    148 

»  11  36s.         „  „  .   +       0    0*10 

Required  Sidereal  Time  at  Greenwich 9  35  15*86 

9h.  85m.  15  86s.  is  accordingly  the  Sidereal  Time  at  Oreenwich  at 
the  instant  of  9h.  9m.  36s.  Mean  Time  at  that  place,  and  is  equal 
to  the  Right  Ascension  of  the  meridian  of  an  observer  at  Green- 
wich ;  or,  in  other  words — ^at  that  moment,  and  at  that  place — 
the  Hour  angle  of  the  first  point  of  Aries  is  9h.  35m.  15'86& 
West 

The  approximate  Sidereal  Time  at  Ship  may,  in  a  somewhat 
similar  manner,  be  determined  from  the  chronometer  time  and  the 
longitude  by  account 

EXAMPLE. 

Required  the  Sidereal  Time  at  Ship  on  November  18th,  1881,  Bnmpte  of 
when  a  chronometer,  which  was  2m.  42s.  slow  of  Q.M.T.,  shewed  52eai «/^/x>. 
llh.  54m.  33s.  same  date.     Longitude  by  account,  60°  15'  W. 

H.  M.  S. 

Time  by  chronometer. 1154  3300 

Chronom.  slow  of  G.M.T +        2  42t)0 

Greenwich  Mean  Time 11  57  15tX) 

Longitude  of  ship  in  time 4    1  00*00 

Mean  Time  at  ship .    . 7  56  15t)0 

Sidereal  Time  at  preceding  mean  noon,  viz.,  Nov.  18th    .    15  50  39*98 

By  Table,  the  acceleration  for  1  Ih.  of  Green.  Mean  Time  Ib.  +       l  48 '42 

„  «,  S7m.  „  ,,  .  +      0    9-36 

„  „  15s.  „  „  .  +       0    0t)4 

The  required  Sidereal  Time  at  Ship,  or  Right  Ascension  1  23  48  52*80 
of  tne  Meridian /  i._ 

This  last  is  what  is  required  in  the  problem,  "Latitude  by  an  Ex- 
meridian  Altitude  of  a  star."    Theu,  to  ascertain  from  it  the  star's 
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How  to  And     hour  angle,  you  have  merely  to  take  the  difference  between  tlie 
suT'i^^niT     -^'l/A*  Ascension  ofUie  meridian,  as  above,  and  the  RUjht  Ascension 
^^iMfH,  of  the  star,  as  given  in  the  Nautical  Alniaiiuc. 

^Hb  In  working  "  Ex-merida,"  it  is  not  always  necessary  to  know 

^H  whether  the  hour  angle  is  East  or  West;  but,  should  it  be  re- 

^H  quired,  the  following  rule  is  not  difficult  to  remember.       In  all 

^H  cases,  if  the  Right  Ascension  of  the  ■meridian  exceed  24li.,  subtract 

^^P  that  amount  from  it;  then,  if  it  be  greater  than  the  Right  Asceu- 

^B  sion  of  the  star,  the  hour  angle  is  west.     When  the  contrary  ia 

^M  the  case,  it  is  east     Should  the  hour  angle  tlius  found  exceed 

^P  12h.,  subtract  it  from  24li,,  and  reverse  its  name. 

^  aiMkto  To  prevent  any  gross  mistakes  creeping  into  this  work,  it  ia    ' 

easy  to  check  the  result  by  Norie'a  Table  XLIV.     Thus :  take  the 
difference  between  the  Apparent  Time  at  Ship  (roughly  found  by 

»  clock)  and  the  stated  time  of  star's  meridian  passage,  as  given  in 

the  table,  which  will  be  sufficiently  near  tlie  true  hour  angle  to 
enable  any  great  blunder  in  the  regular  woik  to  be  detected. 
In  connection  with  Time,  there  is  one  point  which  deserves  mora 
oain  or  lou    than  a  passing  notice.     It  ia  the  picking  up  or  dropping  of  a  day, 
y>^n?ii.S.    according  us  the  globe  is  circumnavigated  east  or  west  aboat. 
H     catisguii  One  who  is  not  familiar  with  the  subject  finds  it  difficult  to 

■  ***•■  realize  that  at  the  same  moment  there  should  bo  a  diflVrence  of 

K  time  at  various  parts  of  the  earth's  surface — nor  is  this  really  the 

^H  case  30  far  as  absolute  time  is  concerned.    The  pra^nt  momtnt  here 

^B  in  England  is  equally  the  present  moment  in  Sydney,  Australia, 

^^B  although  the  clock  there  marks  some  ten  hours  Iat«r  than  it  doea 

with  us.     This  ia  accounted  for  by  the  fact  that  the  sun,  which  is 
Son  tbs  ilie  divider  of  day  and  night,  and  all  over  the  world  the  recognized 

u&iakBepeT  ot  marker  of  Time,  crosses  the  meridian  of  Sydney  some  ten  hours 
tiM  »ori4       before  it  reaches  oura 

Pin  the  daily  course  of  tbe  sun,  his  advent  at  each  meridiftD  on 
the  earth's  surface  marks  the  hour  of  noon  for  all  places  on  that 
Bxpiumtiim  meridian.  It  is  thus  the  sailor,  more  especially,  reckons  his  time. 
gunoa or  i' »t  '*''*  matter  what  seas  he  may  be  navigating,  he  considons  it  noon 
imudgation.  the  moment  the  sun  is  "up,"  or  on  his  meridian.  Now,  if  his 
course  lies  from  east  to  west,  or  if  ho  and  the  sun  arc  moving  ii 
the  same  direction,  clearly  at  the  instant  the  sun  arnves  at  his 
meridian,  and  be  strikes  8  bells,  it  must  be  ])ast  noon  at  the  places 
he  left  yesterday,  and  is  not  yi^t  noon  at  the  place  be  bopea  to 
reach  by  to-morrow. 

On  the  other  hand,  if  he  is  sailing  eastward,  he  is  moving  In  an 
opposite  direction  to  the  siin — which,  tlierefore,  instead  of  ov 
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taking  him,  as  it  did  when  he  was  bound  towards  the  west,  now 
advances  to  meet  him,  and  consequently,  before  it  has  reached  the 
spot  where  he  took  his  mid-day  observation  of  yesterday,  it  will 
be  past  noon  with  him  to-day,  and  getting  on  towards  one  bell. 
In  plain  language,  as  he  goes  eastward  he  shortens  his  day,  and 
as  he  goes  westward  he  lengthens  it,  in  exact  proportion  to  the 
difference  of  longitude  made  good — the  constant  rate  in  all  lati- 
tudes being  1  hour  for  every  15"  of  his  advance. 

Let  then  the  navigator — having  started  presumably  from  Green- 
wich in  an  easterly  direction — arrive  at  the  meridian  of  180"*  at  1 
o'clock  on  the  morning  of  Tuesday  the  16th  (ship  time) ;  it  will 
then  be  only  1  o'clock  at  Greenwich  in  the  afternoon  of  Monday 
the  15th,  as  by  meeting  the  sun  he  has  got  ahead  of  the  folks  at 
home^  and  anticipated  their  time  by  12  hours.  It  will  be  mid- 
night with  him  when  it  is  only  mid-day  with  them.  If  he  con- 
tinues on  in  the  same  direction,  and  completes  the  other  half  of 
the  voyage  without  altering  his  date,  he  will  have  gained  another 
12  hours  on  arrival  at  Greenwich,  no  maiter  how  long  he  may  he 
in  getting  there,  and  would  probably  imagine  the  day  of  his  return 
to  be,  say  Friday  noon,  when  in  reality  it  was  only  Thursday  noon. 

To  avoid  this,  on  passing  the  meridian  of  180''  K,  he  should  wiiattodooi 
have  reckoned  Monday  the  15th  twice  over,  which  would  have  SI^T!i^Ji;\n 
brought  things  straight  at  the  finish.      On  the  contrary,  whenofiso*. 
reaching    ISO'  in  a  westerly  direction,  the  navigator  would  be 
exactly  12  hours  behind  Greenwich,  so  that  if  it  were  then  1  o'clock 
on  Tuesday  morning  the   ICtli  by  his  reckoning,  it  would  be 
1  o'clock  in  the  afternoon  of  the  same  day  at  Greenwich.   If  he 
pursued  his  voyage  westward  without  making  the  requisite  alter- 
ation in  his  calendar,  he  would  arrive  at  Greenwich,  say  at  noon 
on  Friday,  and  be  surprised  to  learn  that  with  the  inhabitants  it 
was  noon  of  Saturday.      To  avoid  this,  he  should  have  skipped  a 
day  when  at  ISO"*  W.    He  should  have  called  the  day  Wednesday, 
and  have  overlooked  Tuesday  altogether. 

The  great  point  for  the  practical  navigator  to  attend  to  is  to  hold  Fay  att«iiti<m 
on  to  his  Greenwich  date  by  chronometer,  otherwise  he  may  make  ^us^wnfy 
the  not  uncommon  blunder  of  taking  out  the  Nautical  Almanac  chronometer, 
elements  for  the  wrong  day,  and  so  get  adrift  as  to  his  true  position. 

Here  the  marking  of  the  chronometer  face  from  1  up  to  24  Ohnmomoter 
hours  would  be  of  great  service.     As  the  dial  is  figui*ed  at  present,  ^o^J^^  ** 
there  are  no  means  of  distinguishing  the  XIL  noon  from  XII.  mid-  »ark«d. 
night;  whereas,  if  marked  as  suggested,  24  hours  would  always 
refer  to  noon,  and  12  hours  to  midnight 
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If,  however,  a  man,  when  wiuding  liis  chronometer,  were  lo 
take  the  trouble  from  the  very  beginning  of  the  voyage,  to  outer 
every  day,  on  a  slip  of  paper  kept  in  the  case,  the  hour  A-M.  or  p.m., 
day  of  tbe  week,  and  day  of  the  month — Orefntmch  titns — of  his 
doing  so,  he  could  not  possibly  get  astray.  When,  by-and-by,  lie 
found  hia  own  or  ship  dato  differing  from  that  of  Greenwich, 
he  would  merely  have  to  adopt  tbe  latter,  whatever  it  might  be. 
Thus,  having  passed  tbe  meridian  of  tMO°  E ,  on  going  to  wind  his 
chronometer  at  H  o'clock  on  Tuesday  morning  the  ICth,  he  would 
find  by  his  slip  that  at  Oreeuwicb  it  was  8  o'clock  on  Monday 
evening  the  15th,  and  would  accordingly  instruct  his  chief  officer 
to  consider  the  day  as  Monilay  over  i^nin,  and  so  enter  it  in 
bia  If^. 

Going  east  or  west  round  the  world,  there  will  be  no  real  gain 
or  loss  of  a  day.  Otherwise  a  man,  by  continually  sailing  round 
eaat  about,  might  be  considered — from  tlie  frequent  repetition  of 
a  day  which  it  entailed — to  have  lived  longer  than  another  who 
had  stopped  at  home.  In  the  ca^e  of  the  traveller,  he  ouly  appears 
to  gain  a  day,  as  eaeb  one  of  those  be  has  lived  whilst  on  hia 
juumey  has  been  shorter  by  a  certain  number  of  minutes — which 
has  arisen  from  the  differenca  of  longitude  traversed  between  two 
consecutive  arrivals  of  the  sun  on  his  meridian ;  whilst  the  day  of 
the  man  who  remained  behind  hatt  always  contained  the  complete 
24  hours. 

Again,  if  two  men,  A  and.  B,  started  at  the  same  instant  on  a 
journey  round  the  world,  the  first  going  east  and  the  other  west, 
and  neither  made  any  alteration  in  their  dates  from  time  of  setting 
out  till  their  return  ti>£;etber  on  the  same  day,  this  is  what  would 
happen:  A  would  believe  he  had  arrived,  say  on  Sunday,  and  B 
would  persist  in  considering  it  as  Friday.  There  would  be  h 
difference  of  two  whole  days  in  their  reckoning ;  but  no  one  would 
seriously  entertain  tbu  idea  that  on  this  account  A  had  lived  4N 
hours  longer  than  B.  The  actual  day  of  the  week  would,  of 
course,  be  Saturday,  and  the  Mtual  time  occupied  by  each  on  the 
journey  would  be  precisely  the  same. 

The  render  will  understand  from  this  that  Time  may  bo  relative 
aa  well  as  ubsolutt. 

To  show  this  yet  more  clearly,  let  us  take  a  very  exaggerated 
case.  Supposing  it  were  possible  for  a  pedestrian  to  walk  round 
either  pole  of  the  earth,  say  at  a  fixed  distance  from  it  of  10 
milea,  tbe  circumference  of  the  circle  which  he  would  deLScriba 
would  bo  60  milex,  and  at  the  rate  of  S)  miU^  per  hour  he  would 
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accomplish  the  entire  circuit  iu  one  day.     If,  then,  he  started  at  Distinetioii 

noon.  Apparent  Time  at  place,  and  walked  always  in  a  westerly  ^/^/l^^ad 

direction,  preserving  the  above  steady  rate,  he  would  keep  pace  Bbaolute  time 

exactly  with  the  sun,  and  have  it  bearing  either  north  or  south,  *^ 

as  the  case  might  be,  apparently  stationary  on  his  meridian  as 

long  as  he  chose  to  keep  up  his  walk.     His  local  time  would 

never  alter.     If  he  started,  say  at  noon  on  Sunday,  so  long  as  he 

continued  to  walk,  local  time  would  cease  to  progress,  and  it 

would  remain  noon  on  Sunday ;  but  absolute  tim^  would  go  on  as 

usual,  as  his  weary  feet  and  the  watch  in  his  pocket  would  plainly 

tell  him. 

The  following  problem  is  so  instructive  in  first  principles  that,  ^SflJ^tT** 
although  it  scarcely  belongs  to  the  subject,  and  is  not  rigorously  probi«iii. 
correct,  it  would  be  a  pity  to  omit  it. 

The  question  is — In  what  way  could  a  navigator  who  has  no 
knowledge  of  his  position,  and  has  lost  all  record  of  time,  ascer- 
tain not  only  his  correct  latitude  and  longitude,  but  recover  the 
day  and  date  ?  It  is  presumed  that  he  is  provided  with  the  usual 
nautical  instruments  and  books. 


Horixon -«i ^ .^ 1«    Horizon. 


Let  the  above  figure  be  a  projection  of  the  sphere  on  the  plane  of  the  meri- 
dian. F  ifl  the  elevated  pole  ;  Z,  the  zenith,  EQ^  the  equator ;  and  TT^  any 
circumpolar  star. 

To  solve  the  question,  let  the  navigator  observe  the  altitude  of  any  circum- 
polar star  at  both  its  upper  and  lower  culminations,  as  at  T'  and  T';  the  half 
sum  of  these  altitudes  will  give  him  the  altitude  of  the  pole,  which  is  equal 
to  the  latitude  of  the  place  of  observation — that  is,  it  will  give  him  the  arc  QZ, 
Then  let  the  ship  be  hove-to,  so  as  to  keep  on  the  same  parallel  of  latitude 
until  noon  of  next  day.  At  noon,  observe  the  meridian  altitude  of  the  sun ; 
thus,  the  arc  SW  becomes  known,  S  being  the  position  of  the  sun  when  on  the 
meridian.     Subtract  SW  from  ZK^  and  we  have  the  arc  SZ. 

QS  is  the  declination  of  the  sun.  Now  we  know  QZ  and  SZ;  hence  we 
have  QZ-SZ=QS,  or  we  thus  ascertain  the  declination  at  noon  of  the 
sun.  This  quantity  is  tabulated  in  the  Nautical  Almanac  every  noon ;  it  is 
a  constantly  varying  quantity — hence  there  can  be  only  one  noon  to  which  the 
Known  declination  corresponds;  so  by  hunting  this  up  in  the  Nautical 
Almanac,  the  day,  month,  and  year  are  at  once  determined. 


262         DA  YS   OF  THE   WEEK  EXPRESSKD  BY  SYMBOLS. 


I 


A  Bccond  inethod  of  determining  the  date  is  to  measure  the  dUtaaM  between 
tlie  sun  and  moon  with  a  sextant  (Lunar  obeervatioo),  or  the  diat&nce  between 
the  moon  and  one  of  the  prinuipal  Btam  These  distances  are  tabidnted  in  the 
Naulieal  Almcmae,  They  differ  from  day  to  day,  and  the  difference  between 
any  two  dsya  is  sufficient  to  fix  the  date.  The  "Lunar"  vould  give  the 
longitude  from  Greenwich.  The  intelligent  reader  will  not  need  to  be  told 
that  there  are  insuperable  ditliciiJties  to  the  carrying  out  of  the  foregoing  in 
actual  practice.* 

To  wind  up  tlie  chapter  on  Time,  it  is  well  to  know  that  with 
us  the  days  of  the  week  are  named  after  the  deities  in  the  Scan- 
dinavian  mythology ;  but  in  aBtronouiy  they  are  represeuted  by 
symbols  having  reference  to  the  -tun  and  certaiD  of  the  plaueta. 


d  Monday  (the  Muon). 
(J  Tuesday  (Mars). 
9  Wednesday  (Mercury): 


0  Sunday  (the  Sun). 


a  Thursday  (Jupiter). 
?  Friday  (Veniut). 
h  Satuiday  (Saturn): 


Sometimes,  when  jamroed  for  room,  it  is  convenient  to  nsa 
these  symbols,  and  tlioy  are  soon  learned. 
I  It  may  also  be  interesting  to  know  that  in  the  northern  and 
a  southern  hemUpheroa  the  duration  of  summer  lr  not  the  same. 
The  northern  summer  is  the  longiT  of  the  two,  since  th*  sun  is  on 
our  side  of  the  equator  for  ISiiJ  days,  and  to  the  southward  of  it 
for  the  remaining  17S}  days. 

In  this  chapter  there  has  been  no  little  repetition  and  much 
harping  upon  the  same  thinj^ ;  but  the  writer  will  not  rcgn-t  the 
loss  of  space  or  literary  effect,  if  thereby  ho  ha.s  BUcceedti:!  in 
making  this  (generally  speaking)  hazy  subjict  of  Time  any 
clearer  to  the  understanding  of  seamon. 

*  Captain  S.  P.  H.  AtbinMin  tus  cleverly  painted  oat  tlut,  h  tha  obaarTar  oonld  not 
tell  whether  the  •un  WM  moving  Nutth  or  South,  it  would  be  DcceaMy  to  wait 
uid  tkke  liKt  meriduB  sllitndM  tu  detamiiiiie  which  ude  uf  the  Miktioe  he  WM  on. 
Abn,  that  u  the  observer'*  longitnde  ia  unknown,  uid  ■■  the  elementi  in  the  N.A. 
sre  cuniputed  far  noon  Ortfawieh  Datt,  >od  not  (or  noon  al  Ship,  emt  Nkntickl 
Jtip  Van  Winkle  wonld  etiU  be  in  >  mental  fng  u  to  the  riut  date.  To  iiverouma 
thii,  Captkin  AtkiuMn  propoeei  that  the  Lunar  (huultl  ba  taktn  near  the  time  of 
l[etting  the  meridian  sltitad^  and  the  interval  meaiured  liy  watch,  and  alluwed 
fur  in  comparing  with  the  N.A. 

Thu,  toujded  mli  the  meridian  altitude,  would  fix  the  Gremw^ch  Date,  and  Um 
Lunar  wonld  give  the  O.M.T,  aa  elo^ly  h  the  moon'*  Seoi.  and  Hot.  ParalL  taken  out 
(or  the  ^iproxiniaU  Q.M.T.  (detetmiueil  by  touehly  OorrocUfd  Apji.  Uiil.)  would  altow. 

The  Lunar  then  wurkedalnxh  with  the  elmneDt*<!OH«ted  by  the  laaKoHud  O.M.T. 
woulil  give  a  (till  better  determlnatiim. 
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With  the  exception  of  finding  the  hour  angle  (meridian  distance) 
this  work  is  exactly  the  same  as  that  for  the  sun.  The  stars,  how- 
ever, have  manifold  advantages,  inasmuch  as,  among  other  things, 
it  is  generally  possible  to  choose  those  which  will  give  the  best 
results,  whereas  with  the  sun  we  have  to  take  it  as  we  find  it 

As  shewn  in  the  previous  chapter,  much  depends  in  this  problem 
on  a  correct  knowledge  of  the  lime  employed  in  the  calculation, 
consequently  it  is  important  to  choose  such  stars  as  will  he  least 
affected  by  any  error  in  this  dement. 

From  the  slowness  of  their  motion  in  altitude,  it  follows  that 
the  stars  near  either  pole  are  the  best  adapted  for  this  observation. 
Always  give  the  preference,  therefore,  to  such  as  have  large 
declinations,  of  which  the  following  is  a  list,  in  the  order  of  their 
Right  Ascensions ;  but  the  examples  given  further  on  will  shew 
that  it  is  by  no  means  necessary  to  confine  one's  self  to  these  alone. 


StmUazttj 

m«rld.'*of8m 
and  Stan. 


Achenmr 

Canopns 

*  Argo  NaTiB 

a  Crux 

^  Centaur 

a  Centaur  „ 

a  Triangula  Austral Ih,, 

a  Pavo  ,. 

a  Grux  „ 


Declin.  58*  8.  visible  to  22'  N. 

„      58  S.  „  27  N. 

„      69  S.  „  21  N. 

„      62  S.  „  18  N. 

60  S.  „  20  N. 

60  S.  „  20  N. 

69  8.  „  11  N. 

67  S.  „  23  N. 

48  8.  „  82  N. 


*• 


a  Perseus 

Capella 

Dubhe 

y  UrsiB  Majoris 

Benetnaach 

3  Ur8«B  MinorU 

Kastaban 

Vega 

Deneb 


I>eclin.  49"  N.  Tiiible  to  81*  S. 


46  N. 

62  N. 
64  N. 

60  N. 
76  N. 

61  N. 
89  N. 
46  N. 


t* 


It 


(( 


M 


If 


•  > 


f( 


84  S. 
18  S. 
86a 
80  8. 
6  8. 
29  S. 
41  S. 
86a 


BoltaldA  itan 
— limit  of 

Tllillilitjl& 

oppoaita 
liamlapliflrw. 


The  above  latitudes  of  visibility  are  in  each  case  calculated  for 
a  meridian  altitude  of  10**,  but  in  clear  weather,  and  imder 
ordinary  conditions  of  temperature  and  atmospheric  pressure, 
these  limits  may  be  exceeded,  as  it  is  possible  to  see  stars  at 
much  lower  altitudes — sometimes,  indeed,  on  rising  or  setting, 


FriOftiillOBi 
with  low 
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when  they  are  not  unfrequently  mistaken  for  a  steamer'^  mast- 
head light.  Owing,  however,  to  the  uncertainty  of  refraction  near 
the  horizon,  it  is  not  usually  prudent  to  observe  bodies  having  a 
less  altitude  than  T  or  8**.  When  compelled  to  do  so,  however,  it 
aitttndat.  is  advisable  to  note  the  barometer  and  thermometer,  also  the  sea 
temperature,  and  if  the  conditions  are  abnormal,  correct  the  mean 
refraction  by  the  Auxiliary  Table  IIL*  of  Norie.  In  such  cases, 
endeavour  to  get  an  observation  on  the  opposite  side  of  the  zenith 
as  well,  which  will  enable  you,  as  already  explained,  to  detect  any 
unusual  refraction. 

Anotlier  point  wherein  the  e.r-meridian  altitude  has  a  pull  over 
the  altitude  en  the  meridian,  is,  that  during  twilight  (the  best 


tfftiwtmittftn  ^^^  ^^^  observing)  it  may  so  happen  that  there  is  no  star  then 
At  teTonnttto  culminating ;  whereas  it  would  be  hard  lines  indeed  if  one  or  two 
could  not  be  found,  the  smallness  of  whose  hour  angle  east  or 
west  permitted  the  use  of  this  method  The  reader  cannot  fail 
to  see  that,  by  it,  the  opportunities  of  getting  the  latitude  are 
materially  increased. 

Again,  to  watch  for  the  transit  of  a  star  on  a  dark  night 
requires  no  little  patience,  and  it  has  a  decidedly  fatiguing  effect 
on  the  eye.  This  is  avoided  by  the  ex-meridian,  where  one  good 
sight — without  the  bother  of  waiting,  on  a  possibly  wet  deck — 
is  all  that  is  required.  Nor  does  the  sextant  in  this  latter  case 
suffer  by  unnecessary  exposure  to  the  damp  night  air,  which,  by 
clouding  the  glasses,  requires  a  frequent  application  of  the  chamois 
leather ;  and  this,  in  its  turn — unless  carefully  done — is  apt  to 
put  the  instrument  out  of  adjustment 
£f-Hirtdiaat  All  thimrs  considered.  Ex-meridians  are  preferable  to  the 
%i*>i  tiM  (rtH  Meridian  altitude.  Compared  with  the  gain,  the  extra  work  is 
trifling. 

About  3  A.M.  on  Sunday,  June  6th,  1880,  the  following  "Ex- 
merida"  for  hititude  were  taken  on  board  the  8.a  *  British  CrounL* 
Eye  22  feet ;  no  index  error ;  chronom.  slow  of  O.M.T.  Sm.  57s. : 
barometer,  30'*52 ;  air  temperature,  58°  Fahrenheit, 

ChroooiDivtcT. 

16  34  12    June  5th,  oljeerred  alt  •  Altair,    50  17    SL 
16  43  13  „  „  •  Polaris,  4S  33}  N. 

16  53  00  „  „  •  Altair,     49  3Si  S. 

At  noon,  June  6th,  the  same  chronometer  shewed  Ih.  20m.  00^ 
(25h.  20m.  reckoning  from  previous  day),  and  the  ship's  po^itioo 
was  48'  44  N.,  and  20'  53'  W.     Between  3  A-M.  and  noon,  the  ship 


on 
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made  N.  70^  E.  (true),  12*2  knots  per  hour;  therefore,  at  the  time 
the  chronometer  shewed  16h.  43m.  13s.,  we  have  for  the  position 
by  accoiint>--Latitude  48"  8'  N.,  and  Longitude  23^  22'  W. 


Example  L  (ToiMon^a  Method,) 

H.  M.  8. 


Tlma  by  chronometer 10  84  12 

Chronom.  glow +      8  67 


OM.T 10  88  09 

IxMBgitnde  in  time 1  88  40 


Mean  time  at  ship 16  04  20 

Sidereal  Ume  at  vrtctding )  a  mn  Da 

O.M.noon. 7;       -      * " «» 

Acceleration  for  lOh.  88m.  00s.  ..  +     8  44 


Right  Aaoension  of  the  meridian.    20  04  22 
Right  Aaoendon  of  •  Altair      ..    10  44  69 


•'s  hoar  angle. 


M.  s. 
19  28W. 


*'s  obserred  alt 60  l(   S. 

Correction— Table  XV.  of  NorU,  -       bk 

•' trae  altitnde 60  11| 

Angm.  Table  IL,  Index  46 . .     . .  +      14^ 

Augmented  altitnde 60  284  8. 

00 


•'s  Augmented  declin. . . 


89  881  N. 

8  86   N. 


lAtitnde 48*0SfN. 


Altair** dedin.,  page  868,  N.A.     8  83  12N. 

Angm.  Table  L  of  rotofon,  Index  40     .. +     1  48 

Augmented  declination     8*86'00*N. 


BzamplAOf 
"Bz-merld." 
by  TdwMMi't 
ino'ttiod* 


Example  II. 


H.  M.  S. 

Time  by  chronometer 10  68  00 

Chroaoineter  elow +      8  67 


O.H.T.                      ..     •*     ..  10  68  67 

Longitade  in  time 188  10 

Mean  tfane  at  ship 16  28  41 

Sidereal  time  at  preceding )  a  m  oa 

G.M.noon. f   ..  ..    «  w  o» 

Acceleration  for  lOh.  67m.    ..     ..4.     s  47 

Right  Ateension  of  the  meridian.    20  28  27 
Right  Aeoenaion  of  •  Altair      ..    10  44  60 


•'s  hoar  angle 


88  28W. 


•*e  obserred  altitude 40  88|& 

Correction— Table  XV.  of  Nfifie  -       6^ 

•'s  true  alt 40"  88^^ 


NOTB.— Aa  thie  obMrration  Ilea  beyond 
the  scope  of  TowtoiCe  Tables,  recourse  is 
had  to  Norie't  method.  The  difference  in 
length  will  be  apparent 


Time  from  meridian 

Latitude  by  account 
*'8  declination. 


M .  8. 

8S28W Logrising  ..  814770 

48    0  N Cosine    ..  ..  0*82426 

8  8SiN Cosine    ..  ..  0-00614 


•'s  true  altitude 40  n|8. 

Merid.  sen.  distance    ..     ..  80  87  N. 

•*s  declination       8  884N. 

Utitude 48*10i'N. 


Natural  Number 0S7->8'087U 

Natural  sine 70108* 


Natural  cosine 77088 


Bxunple  of 

**  BZ-BMZld.'* 

by  Norte's 
motliod* 


The  latitude  as  found  by  the  Pole  star  was  48"*  lO'  N.,  and  by  Rtdvetton  of 

allowing  for  the  ship's  run  in  the  interval  between  sights,  the  first  ■•▼«*i  obo. 

to  ono  tiBio 

• — — fornkoof 

*  Do  not  take  this  out  to  more  than  Jive  places  of  figiires.  oomparlioii. 
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STAR  ''ex-merid:'  by  norie's  method. 


"  Ex-merid.,"  reduced  to  time  of  observation  of  Pole  star,  gives  the 
latitude  at  that  moment  as  48"^  9}'  N.,  and  the  second  "  Ex-merid./' 
reduced  in  like  manner,  gives  it  as  48°  9J'  N.  also. 

The  following  "Ex-merids."  were  taken  on  board  the  as.  "Britiak 
Crown  "  about  8-40  p.m.  on  the  evening  of  June  6th,  1880.  The 
position  by  dead  reckoning  at  9h.  51ro.  12a  by  chronometer 
(which  shewed  Ih.  20m.  at  preceding  noon)  being,  latitude  49"*  21' 
N.,  and  longitude  18°  18'  W.  Eye  22  feet  for  all  but  the  North 
star,  which  was  observed  from  the  bridge,  where  the  eye  was 
32  feet  Ship  supposed  to  be  making  N.  70°  R  (true),  127 
knots  per  hour  since  noon.  Chron.,  3m.  57s.  slow  of  G.BIT.  No 
index  error.  Barom.,  30''-32.  Therm.,  67**  Fahr.  To  economize 
space,  only  the  first  and  last  sights  are  shewn  worked  out^ 
but  the  reader  can  work  the  others  by  way  of  practice,  if  so 
inclined. 


dnonom. 
ILM.   s. 
942   8 

0  61  IS 

0  fiS  49 

9  57  14 

10    6    2 


obs.  alt.  *  ArctoniB 

*  Polaris  . 

*  Aictama 
•Splca  . 
*Spica 


»• 


M 


69" 

48 

60 

20 

29 


4r  s. 

10}  N. 
7}S. 
44iS. 
29}a 


!For  sake  of  compari- 
son the  answers  are 
reduced  to  time  of  ob- , 
serration  of  Polaris, 
namely  Oh.  61m.  128 
by  chronometer. 


Lat  49*  24'  N. 

49  241  „ 
49  24J., 
49  26    ^ 


tf 


(t 


M 


Example  IIL 


H.  M.  S. 

Time  by  chronometer 9  42    3 

Chronometer  slow +  8  57 


O.M.T. 94600 

Longitade  in  time 1  13  24 


Mean  time  at  ship 8  82  36 

Sidereal  time  hi  preceding  G.M.  noon  .616 
Acceleration  for  9h.  46m. +    1  86 


Right  Ascension  of  the  meridian 
Right  Ascension  of   •Arcturos  . 


.  13  35  18 
.  14  10  14 


•*■  hoar  angle S4m.  568.  B. 


Observed  altitude  •  Aretnnu  .    .    69*  41'  S. 
Correction,  Table  XY.  of  Jforie.    .     —6 

•'s  true  altitude 69*M'8. 


Aote.— As  this  obsenration  exceeds  the  limits 
of  Towson's  Tables,  recouiae  is  had  to  Norie's 
method. 


Time  from  meridian,  84m.  56s.  B Rising    8*06428 

Latitude  by  aooount,  49*  20^  N , Cosine    9*81402 

•'s  declination,  19*  48^'  N Cosine    9  97362 


•*s  true  altitude  . 


Naiaral  number,     711        * 
69*36' Natural  Bine     .    86251* 


2'SS1J2 


Merid.  sen.  distance .    29  35  N Natural  cosine  .    86962 

•'s  declination     .    .    19  48^  N. 


Latitude 49*  23^' N.,  at  instant  of  obserratiun. 


Do  not  take  this  log.  out  to  mure  than/tv  places  of  fi^ure^. 
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Example  IV.  (Towson's  MethodX 


H.    M.    8. 

Tfane  by  chronometer  ..••..    10    6    2 
Chronometer  alow 4-    8  67 


O.M.T. 10   8  50 

Loogitode  in  time 1  18   2 


Mean  time  at  ship 8  66  67 

Sidereal  time  at  preeedtn^  O.Bl  noon.      6    10 
Aooeletation  for  lOh.  Om +  1  40 


Bight  ABoenaion  of  the  meridian  ..    18  68  43 
Bight  Aaoenaion  of  •  Spica  ....    18  18  65 


•  Spica'aobaerred  altitude  .    .    .    20*20f  & 
Correction,  Ttible  XV.  of  NorU  .    —    6^ 


•'s  tme  altitade 

Angm.  Table  n.— Index  108  .    . 

Augmented  altitade 

20  28^  & 
+  281 

20  6Si 
00 

00    7JN. 
10  41}  S. 

Latitade  at  time  of  obaerratSon  . 

40-20"  N. 

•'a  boor  angle .    .    .    .  ^.    .    .     80m.  48b.  W. 


«  Spica'B  declination,  page  846,  N.A. 10*82'24''a 

Augmentation,  Table  L— Index  102   ......    +    0  28 

•'b  augmented  declination    .    .    .    .    10*  41' 60*8. 


It  will  be  noticed  that  Towson  s  solution  is  independent  of  the  l^nrwa'a 
latitude  by  dead  reckoning,  which  is  entirely  excluded  from  the  ISSont^*' 
calculation.     On  this  account,  combined  with  the  brevity  and  ^^  i*titiidflL 
accuracy  of  the  method,  give  it  the  preference  whenever  it  is 
possible  to  do  so.     It  may  here  be  mentioned  that  the  arrange- 
ment for  making  the  correction  from  Table  I.  always  additive,  is 
effected   on  a  somewhat  similar   principle  to  the  one  already 
described  in  connexion  with  the  Nautical  Almanac  method  of 
latitude  by  the  Pole  star,  and  is  made  purely  for  convenience. 

In  example  III.  the  number  of  minutes  in  the  hour  angle  vnteTonnbit 
exceeds  the  number  of  degrees  in  the  meridian  zenith  distance —  ^oDOitioiL 
which,  in  a  star  like  Arcturus,  having  small  declination,  is  an 
unfavourable  condition ;  nevertheless,  the  observation  is  worked 
out  to  shew  that,  if  carefully  made,  and  the  time  used  be  reliable, 
the  result  will  still  be  good. 

The  foregoing  examples  are  bona  fide,  having  been  actually  taken 
on  board  the  "  British  Crown  "  on  a  North  Atlantic  passage.  They 
were  selected  at  hap-hazard  from  among  a  large  number  of  others  ; 

equally  good,  and  prove  very  conclusively  the  splendid  results 
which  may  be  obtained  by  the  use  of  the  ex-meridian  problenL 

When  the  time  is  in  error,  the  reductions  on  one  side  of  the 
meridian  will  be  too  great,  and  on  the  other  too  small ;  if,  there- 
fore, two  stars  on  opposite  sides  of  the  meridian — ^having  nearly 
equal  hour  angles — be  observed  within  a  few  minutes  of  each 
other,  the  mean  of  the  two  results  (each  being  first  reduced  to 
the  same  instant  of  time)  will  be  free  from  any  error  due  to  this 
cause.  Or,  what  amounts  to  the  same  thing,  it  may  be  possible 
to  get  the  same  star  at  nearly  equal  distances  on  both  sides  of  the 
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"  Sz-merld.*' 
tabls.  by  A.  0. 
Jolmnn,  B.N. 


"  Ex-merldi,' 
balow  til* 


ineridiaD,  but  in  this  last  CAse  the  sbip  should  be  statiouaiy,  or 
nearly  80,  or  allowance  made  for  change  of  position  (see  page  30^). 

Mr.  A.  0.  Jolinson,  U.N,,  of  H.M.S. "  Brtlannia"  has  brought  out 
a  capital  little  ex-meridian  table,*  which  is  extremely  convenient 
when  tbe  observer  keeps  well  within  tb©  limite  assigned  to  this 
problem.  It  occupies  but  one  small  page,  and,  with  tbe  rule  for 
using  it,  can  easily  be  pasted  on  the  fly-leaf  of  the  Epitome.  Of 
coui'se,  in  a  table  of  such  modest  proportions,  very  great  accuracy 
must  not  be  looked  for;  but  it  is  sufficiently  exact  for  the  ordi- 
nary purposes  of  navigation  when  in  open  water,  and  requires 
even  leas  time  to  get  out  the  result  t^ban  Towson's  method. 

Ex-meridians  of  the  planets  Venus,  Mars,  Jupiter,  and  Saturn, 
are  worked  in  a  similar  manner  to  the  fixed  stars.  As,  however, 
their  Right  Ascensions  and  Declinations  are  constantly  varying 
(tbe  Latin  word  P/H7te(ameansaw'i(jidcriJi3s(ar),  it  is  necessary  to 
correct  them  for  the  Greenwich  Date.+  They  will  be  found  in  the 
Nautical  Almanac  for  1834>,  between  pages  226  and  2G5.  In  other 
respects  the  problem  is  precisely  the  same,  even  to  the  correction 
of  the  observed  altitude,^  so  that  an  example  ia  unnecessary. 

So  far,  ex-meridiana  a^ot^e  the  Pole  have  only  been  treated  of; 
but  as  occasion  may  offer  to  observe  tliem  betwv  the  Pole,  and  the 
results  derived  from  this  problem  being  just  as  correct  as  any 
other,  it  is  proper  to  give  a  few  exainplea.  Uufoitunately,  in  this 
case,  Towson'a  tables  are  disqualified  for  use  in  the  ordinary 
navigable  waters  of  the  globe.  To  bo  of  service,  the  observer 
would  require  to  be  on  the  polar  side  of  70'  of  latitude ;  therefore 
Norie's  method,  slightly  altered,  must  be  used  instead. 

On  board  the  bs.  "  Britiak  Crown,"  about  11  P.M.  on  Saturday, 
June  I9th,  18S0,  the  clouds  were  seen  to  break  low  down  on  tiie 
northern  horizon,  and  disclose  a  bright  star  shining  in  the  midst  of  , 
a  small  clear  simce.  To  the  eye  there  was  uothing  by  which  this 
solitary  stai'  could  be  recognized.  A  bearing  of  it  by  standard 
compass,  when  corrected  for  variation  and  deviation,  gave  its  tnu 
azimuth  as  K.  2°  W.,  making  it  evident  that  the  star — whichever 
it  might  be — was  approaching  its  lower  culmination. 

•  'I'kbla  11..  fH'  21,  In  l>w  viir]'  eiccUsiit  |iuupblBt  "  Qafiiuttns  Uu  UitiltiU  and 
Limgitudt  <H  tloadji  vtalkrr,  and  at  otitr  lima."  I^bliahed  in  Lcuulou  bjr  J.  D. 
I'ottcr.  81,  Poultry. 

*■  Tbe  QkuiWICU  DaTi  ■■  tha   time  M  UTssnwich  con-HpODdiug  to  uy  firm 


I  eU-wUere."     See  BftpUT,  |*I 


«  IfiT,  ninth  ediiiun 


J  r*nl1»  miy  be  diinguiloiL      In  ths  omo  of  Japitir  >nd  Rktorn  it  ii  aa  iitl«rty 


iaidgniflouit  qnkatity  i  uid  in  tbM  dI  V 


II,  (allium  eiOAMli  1&". 


I,  til*  eiUnuilvd  nntrf  □(  lie  rmidijuit  [uiut  wkich  will  be  btoujfht  dinrn  lo  tb* 
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Reference  to  Table  XLIV.  of  Norie  shewed  that  Capella  had 
passed  the  meridian  above  the  Pole  at  lib.  9m.  in  the  forenoon, 
and  would  consequently  pass  the  meridian   hdow  the  Pole  at 
lib.  7m.  on  that  very  night.     This,  therefore,  must  be  the  star 
which,  out  of  the  many  in  the  beavens,  happened  to  be  the  only 
one  visible.     On  computing  Capella's  meridian  altitude^*  its  close  How  to  otm- 
agreement  with  that  observed  made  the  identity  of  the  star  no2mtiido66/o»y 
longer  a  matter  of  conjecture.     It  was  accordingly  decided  to^^'®^ 
secure  sights,  to  be  worked  up  aa  eoi-meridians  below  the  Pole,  and       « 
also,  if  possible,  to  get  its  Lower  meridian  altitude. 

As  a  check  on  Capella — tbe  altitude  being  so  very  small — it 
was  important  to  get  a  star  to  the  southward,  and  on  referring 
again,  with  this  in  view,  to  the  same  Table  in  Norie,  it  was  dis- 
covered that  the* star  Has  Alhague  (a  Ohpiuchi)  would  pass  the 
meridian  to  the  southward  at  11*34  p.m.  But  as  the  sky  waa 
completely  clouded  over,  with  the  exception  of  the  aforesaid  small 
break  to  the  northward,  and  as,  moreover,  the  writer  was  unac- 
quainted with  this  particular  star,  it  was  not  likely  the  wish 
would  be  gratified;  nevertheless  the  meridian  altitude  of  Baa 
Alhague  was  computed,  in  readiness  to  place  upon  the  sextant  in  the 
event  of  the  clouds  breaking  up.  This  actually  occurred  shortly  How  to  bo 
after,  and  through  a  rifb  in  the  clouds  the  needful  sight  of  the  ^^i^^ 
coveted  star  was  obtained. 

Had  the  approximate  altitude  not  been  calculated  beforehand, 
and  the  sextant  set  to  it,  the  observation  would  certainly  have  been 
losl ;  as  the  star,  with  three  or  four  others,  only  remained  visible  for 
half  a  minute  or  so,  and  could  not,  even  if  recognized,  have  been 
brought  down  to  the  horizon  with  exactness  in  so  short  a  time. 

The  following  are  the  observations  as  actually  taken,  but  want 
of  space  does  not  permit  of  them  all  being  worked  out : — 


Chronometer. 

^>      Jt«     9a  .  / 

(a)  12  83  82  obserrod  alt.  •  Capella  6  82^  N. 


(b)  12  48  46 
{e)  12  60  24 
(d)  12  63  00 
(«)  12  67  9 
(/)  13  10  1 
07)18  20  48 
(A)  18  26  19 


•* 


•* 


» 


•* 


f* 


6  27J., 
6  25i,. 
6  26i  „ 
6  26|„ 
6  28  ., 
6  84}  „ 
*  a  Ophhichi  68  22^  a 


>• 


It 


II 


ti 


II 


Eye  80  feet  Index  error  +  46*.  dutnuS- 
meter  slow  of  O.M.T.  4m.  OOb. 

Barometer,  20^*40.  Air,  66*.  Water,  ST.  Po- 
sition by  account  at  I2h.  63m.  ooik  hf 
chronometer :  Latitade,  48*  Id'  N. ;  Loogl- 
tade,  26*  63"  W.  Ship  making  S.  70*  W. 
(tme)  11*2  knot!  per  hour. 


For  sake  of  comparison,  the  various  latitudes  in  the  answers 
are  all  reduced,  for  the  run  of  the  ship,  to  12h.  53m.  by  chrono- 
meter, at  which  time  Capella  was  on  the  median  below  the  Pole, 


*  Btde  for  compating  the  approximate  meridian  altitude  hdow  the  Pole : — ^From  the 
latitude  by  account  subtract  the  Btar*s  polar  distance.     Simple  enough  I  Isn't  it  ? 
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''EX-MERIDSr  OF  STARS  BELOW  THE  POLE, 


Example  L  {a\ 


Time  by  dironofneter 
Chroiumieter  alow    • 


H.  M.  s. 
IS  88  82 

+     4  00 


O.M.T. 12  87  82 

Loogitade  in  time 1  48  00 


Meui  time  at  nhip    -    •    - '  •    •    •    10  M  82 
Sidereal  time  at  preceding  O.M.  I  5  gg  21 

noon r 

Acceleration  for  12h.  87m.  8Si.  -•    +    26 


Rif^t  Aioension  of  the  meridian 
Bight  Aioension  of  •  CapeUa    - 


16  48  68 
6    7  61 


Ckpella  west  of  the  meridian,  above )  xi  41  07 

thepole f 

12 


Ckpdla's  hoar  amde  west  of  the)      u.  flw 
maridian,  below  the  pole    •   •    •  f      18  68 


Obserred  alt  of  •  CSapella    - 
Index  error  ••-.-.. 


6niM. 
+    I 


Correction— Tshle  XT.  of  Norio 
• 's  tine  altitude  -.-.•. 


6  88 
--14I 


•'s  declination,  page  828,  N.A 


6"18J'N. 


46  62^ 

00 


•  'i  Polar  distance 


44*07y 


Time  from  the  meridian  below  the  pole,  18m.  638. 

Latitude  by  aocoant,  49"  13i'  N. 

•  's  declination,  46*  62^  N. 


•'8  true  altitude.  6*  18i' 


Lower  meridian  zenith  distance  •  84  47 

00 


Tme  lower  meridian  altitude  - 
• 's  Polar  distance 


6  18 
44    7^ 


Latitude 49  20^  M. 

Beduction  for  ship's  run     -    -    -  —   1^ 


Natural  number  - 
Natural  sine  -    - 


Rising  -  2*68078 
Cosine  •  081601 
Cosine    •  0*84276 


164*=  8-18349 
00244 


Natural  cosine    •    -  00000 


Latitude 


49*  19^'  N.  at  12h.  68m.  by  chronometer. 


Example  IL  (6). 


Thne  by  chronometer 
Chronometer  slow     - 


12  43  45 
+  4  00 


O.M  T. 12  47  45 

Longitude  in  time 1  43  11 


Mean  time  at  ship 1104  34 

Sidereal  time  at //ree«<liii<;  O.M.  n«Min     5  52  21 
Acceleration +    26 


Rf|(ht  A{K?ension  of  the  meridian    •    16  59    1 
Right  Ascennion  of  *  CapeUa  -    .    -      5  07  51 

Hour  angle  west  of  meridian,  above  )  ,,  „  ,^ 

thepole -    -      \nsil0 

12 


Dour  an^le  west  of  meridian,  hfloto ) 
the  pole f 


M.  s. 

8  50 


*  Capolla's  obserred  altitude  - 
Index  error -    • 


Correction,  Table  XV.  of  Norte 
*  Capella's  true  altitude    -    •   • 


6  271  M. 
+      t 

6  28 
6M3i'N. 


•  In  ex-meridians  below  the  Vole,  the  natural  number  must  be  eubtractcd  from  the 
natural  tine  of  the  true  altitude. 
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Time  from  the  meridian,  8m.  60b.  W. Rising    •  1*87080 

Latitude  by  account,  40"  13^'  N. Cosine    -  9*31501 

•'s  declination,  46*  52^'  N. Ckwine    -  9-S4276 

,     .  Natural  number  -    •       84**  1*62866 

•'s  true  Altitade  •-••6l8iN.    -•--    Natoral  sine   .   -   .  OOIOO 

Meridian  zenith  distance  •  84  48  ....   Natural  oosiiie    •   •  00006 

90 


True  meridian  altitude     •    6  12  N. 
•'s  polar  distance     •    -    -44    7^  N. 

Latitude 49  IM  N.  at  time  of  sight 

Correction  for  ship's  run  -  —     | 

Latitude 40*  lO'  N.  at  12h.  63m.  by  chronometer. 

Example  IIL  (cQ. 

In  strictness,  this  example,  not  being  an  ex-meridian,  belongs 
to  a  previous  chapter,  but  it  is  introduced  so  that  the  resulting 
latitude  may  be  compared  with  that  given  by  the  other  sights. 

O       / 

Observed  alt  of*  Oapella  on  the  merid  below  the  pole     5  26^  N 
Index  error + 


6  26 
Correction,  Table  XV.  of  JV^ori« -  14} 

♦  Capella's  true  meridian  altitude 61liN. 

♦  Capella's  polar  distnnce --44  07  J  N. 

Latitude 49^18£Katl2h.53m. 

Example  IV.  (gr). 

Ha      wLm      S' 

Time  by  chronometer 13  20  48 

Chronometer  slow -    +    400 


G.M.T. 18  24  48 

Longitude  in  time 1  43  67 

Mean  time  at  ship 11  40  61 

SideTealtimeatjvreMdin^O.M.noon  6  62  21 

Acceleration +    2  IS 


Right  Ascension  of  the  meridian    •    17  85  26 
Bight  Ascension  of  "^  Capella     -    •     6    7  61 


*  Capella's  obeerved  altitude     •   -    2  84|  N. 
Lidex  error +     | 


Correction,  Table  XT.  of  Norit 


i!3 


*'s  true  altitude 6  20iN. 


NOTR.— Attention  is  called  to  the  change  in 
name  of  the  hour  angle.    As  the  teetter^t/ nour 


Hour  angle  wert  of  meridian,  abwe ) , «  o^  i»^    "**^®  **1  tne  nour  auKie.    As  tbe  teetcerl v  Hour 

iSe  Dole  -  "T**"*/".    77^* .    .     j- 12  27  84    angle  above  the  pole  is  greater  than  12  hours, 

v^        '    '    '  >  ^^  the  excess  is  of  necessity  eaual  to  the  hour 


Hour  angle  eoMi  of  meridian,  hdow )       M.  s. 
the  pole )       27  84 


the  excess  is  of  necessity  eaual  to  the  hour 
angle  ea9t  below  the  pole.  Refer  to  diagram 
on  page  24a 


Time  from  the  meridian,  27m.  84s.  B. »!«*««    -    -    J2?St 

Latitude  by  account,  49- 18JN. S*^     '    *   iflSSi 

»  Capella's  declination,  46*  62J'N. Coeine     -    -   l>'84g75 

.    ,  Natural  number  .    •     829=sS*61660 

«  Capella's  true  altitude    -    •    -    •    6  20|     -     Natural  sine    •   -   •  00817 

Lower  meridian  zenith  distance    -  84  60|     -     Natural  cosine     •   •  06968 


True  lower  meridian  altitude    .    .    6    M  N. 
•  Capella's  Polar  distance    •    -    -44    7i  N. 

Latitude 40  17  N.  at  time  of  sighi 

Correction  for  ship's  run  -    -    -    -  +    1| 

LaUtnde 49  18J  N.  at  I2h.  68m.  by  chronometer. 
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ExAMFLB  y.  (h\  Towson's  Method. 
«  Bas  Alhagna  ahatfe  the  pole  to  the  southward.    Taken  as  a  check  on  CSapella. 


Hbm  bj  chnnoiiMtcr 
CImnioaieter  dow    • 


O.MT.     .    -    .    - 
I<r»ngitnd6  in  tfana 


R.  M  8. 

IS  28  10 
+    4  00 

IS  80  19 
1  44    0 


Mmii  tfana  tA  ship U  40  IS 

8id«rMl  time  at  preeeditiff  O.M.  I  5  50  m 

noon     -----.---    -f 
Acceleration  for  ISh.  80m.  Ue.  .    •    +    2  IS 

Right  Awxneion  of  the  meridian  •    17  40  47 
Bight  AaceMJon  of  •  Baa  Alhagne    17  28  26 


Oba.  all  of  «  Baa  Alhagne 
Indexerror 


•  6822^8. 

•  +      I 


Correction— Table  XT.  of  Norie 

Angm.  Table  IL,  Index  U  •   • 
Aogmented  alt. 


Augmented  declination 


68  2Si 

—   6 

a  17} 
+   H 

68  221 

00 


80  87iN. 

-   18  aoi  N. 


Latitade  at  tfane  of  sight  •    •    •    -    48  17  N. 
Correction  for  ran +    2 

Latitude  at  12h.  68nL 40*10^  M. 


Declination  of  •Bat  Alhagne 
Angm.  Tahle  L,  Index  16     - 


Augmented  dedinatlon 


-  12  n  68  N.  page  864,  N.A. 

-  +       68 


ir80^4e^N. 


About  9*15  P.M.,  Monday,  June  21st,  1880,  being  in  latitude  by 
aca  45**  20'  N..  and  longitude  37'  57'  W.,  from  the  bridge  of  the 
fLB,  British  Crown,  Capella  and  the  North  Star  were  observed  for 
latitude.  On  referring  to  Norie's  Table  XLIV.,  the  former  was 
found  to  be  west  of  the  meridian  below  the  Pole,  and  the  North 
Star  east  of  it  Eye  32  feet  Index  error,  +  30".  Chronometer 
slow  of  Greenwich  mean  time,  4m.  00s.  Barometer,  29"'98.  Air, 
66^     Water,  59^ 


Chronometer  llh.  38m.  34«.,  observed  alt  *Oapella  - 
„  llh.  41m.  208.,        „         „      North  Star 


4^  6li'  N. 
44*>  131'  N. 


Example  VL 


Time  by  chronometer  • 
Chronometer  ilow 


H  M  s. 

11  88  84 
+    4  00 


O.M.T. 11  42  84 

Longitnde  in  thne 28148 

Mean  time  at  ihip 0  10  40 

Sidereal  Ume   at  preceding  O.M.  *   «  qo  14 
noon      --.- f 

Acceleration  for  llh.  43m.  •    •    •    •    +    1  66 


Obeerredalt  •Capella 
Indexerror 


Dip 


-   4a^N. 
•    +    * 


Right  Aeoention  of  the  meridian 
Right  Aecenaion  of  •  Capella  •    • 


16  12  60 
5    7  61  .  Refraction 


4  62 

-  H 

4  461 
-101 


•  '■  hoar  angle  woet  of  meridian,  )^q    ^    ^ 

above  the  pole I 

12 


•  *■  honr  angle  weet  of  meridian, )    ,  ^^  r. 
below  the  pole ^   1  m  » 


•  '■  tme  altitude 


4'88J'N. 
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Time  from  meridian,  Ih.  64m.  66e.  W. Rising 

LattadebyAOooimt,46*20'N. Cosine 

•  CapeUA's  dediniOion.  46*  62J' N Cosine 


«'8  tme  altitade 

Lower  meridian  zenith  distance 


Utitade 


4  861     . 

83  61   N. 
90 


Trae  lower  meridian  altitude    •    -    -    1    9  N. 
•'s  po!ar  distance 44    7i  N. 


46*  lOi'  N. 


Natural  nnmber  6026 
Natural  sine    -    08027 


4-00026 
0*84604 
9  84276 

8  77994 


Natural  cosine     02002 


Example  VIL  (Pole  Star  K  A,  Metliod^ 


Time  by  chronometer 
Chronometer  slow  •    • 


H.  M.  s. 

....  11  41  20 

+     400 

....  11  46  20 

.    .    .    •  2  81  48 

Mean  time  at  ship 9  18  82 

Sidereal  time  Kt  preceding  O.  M.  noon  6  00  14 

Acceleration  for  llh.  46m   .    .    .    .  +    1  66 

Right  Ascension  of  the  meridian     •  16  16  42 


CM  T.  -    -    -    - 

Longitude  in  time 


Obserred  alt.  Pole  star 
Lidex  error     .    .    .    • 


-  -    44  1S| 

-  •    +      * 


44  14 

Correction— Table  XY.  of  Ncri»  .   .-   6^ 


Constant 


Reduced  altitude 
First  correction  • 
Second  correction 
Third  correction 


44  071 

.   —    1 

44  6| 

+  1  9J 

+  Oi 

+  01 


Latitude 


46'  ir  N. 


The  very  close  agreement  of  all  these  results  might  lead  those 
not  well  posted  in  star  work  to  suspect  that  they  had  been 
"  cooked."  Such,  however,  is  not  the  case.  Wherever  the  name 
of  the  ship  is  given,  the  observations  are  those  which  were  actually 
taken,  and  have  not  been  altered  in  any  way  whatsoever.  In  many 
instances  (of  which  this  is  one)  the  stars  were  observed  and 
calculated  in  the  presence  of  the  officers  of  the  vessel,  who  can 
answer  for  the  perfect  honesty  of  the  work.  This  is  mentioned 
to  dispel  any  doubts  as  to  what  stars  are  really  capable  of.  The 
heginner  can  scarcely  hope  for  such  a  nice  accordance  of  results, 
but  a  moderate  amount  of  perseverance  will  prove  the  truth  of 
the  adage — "  Practice  makes  perfect." 

In  Example  YI.  Capella  has  been  treated  as  an  ex-meridian  for 
latitude,  but  from  its  very  large  hour  angle  (Ih.  54m.  55s.)  putting 
it  beyond  the  prescribed  limits,  it  must  be  regarded  as  an  extreme 
case,  and  is  expressly  chosen  on  that  account  to  assist  in  illus- 
trating what  will  presently  be  said  about  the  -North  star.  An 
error  of  15'  in  the  latitude  by  account  used  with  Capella  will  not 
appreciably  affect  the  result,  but  an  error  of  15'  in  the  longitude  whj  wtan 
(equal  to  1  minute  in  the  Time)  would  put  the  answer  wrong  SJJfjI^JJ**** 
some  three  miles,  shewing  the  impropriety  of  placing  dependence  ohoien  for 

on  ill-conditioned  observations.     If  Capella's  declination  were  but 

8 


Bz-mdrldB." 
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A   MYSTERY  EXPLAINED. 


PoteSUr 
problam 


Jarger  (say  70'  insfead  of  only  4G°)  a  similar  error  io  the  time 
would  not  affect  the  result  nearly  so  mucii,  proving  that  greater 
liberties  in  tiiiB  respect  can  be  taken  with  the  stars  near  the  Poles, 
each  for  example  as  Dubhe,  and  the  brilliant  one  in  the  foot  ot  the 
Southern  Cross. 

To  these,  therefore,  the  rule  for  the  8un,  that  the  number  of 
minutes  in  the  hour  angle  should  not  exceed  the  number  of  degrees 
in  the  meridian  zinith  distance,  does  not  api>!y. 

The  moat  notable  instance  of  this  is  to  be  found  in  the  North  star, 
which  is  so  close  to  the  Pole  that  (as  previously  stated)  an  error  h 
the  time  of  half  an  hour,  when  near  its  upper  or  lower  meridian 
sage,  will  fail  to  produce  an  error  of  even  one  mile  in  ttio 

It  has  probably  never  occurred  to  tlie  nautical  reader,  when 
figuring  out  the  "  Latitude  by  Pole  star,"  that  to  all  intents  and 
purposes  he  is  working  an  ex-meridian.  Such,  however,  is  really 
thu  case,  though  ninety-nine  out  of  every  hundred  are  deluded 
into  believing  it  to  be  a  special  piohlem,  peculiar  to  this  star  alone. 

The  pkin  fact  is,  that  the  North  star's  extreme  slowness  of 
mutton,  due  to  its  small  diurnal  circle,  permits  of  a  handy  table 
being  calculated  to  do  away  with  the  tedium,  of  the  longer  pro- 
cess,*    A  somewhat  similar  table  mi;^ht,  indeed,  be  compiitecl  for 


star, 
ptw^ 


TlmorroTntlienieridlrin.  lb.  ODut.  »■.  K.    - 

LotiloJo  by  KToiml.  !&■  W  N 

■DofFDleatu.as-MT  M.-    -    •    • 


I 


Inmnbar     tt  .  miW 


jjnnrnHridlMaMalthdiitvica  U  ■ 


laHrmtr    -    -    ■    -    -    '    -    ■  IS' ir  N.  TIm  Mme  u  lirtora. 

The  writer  ii  out  ftwua  of  ei-tneriilUiii  bcira  ihi  PoU  having  bHB  tnatsd  ef 
olh«  work  on  »*igrtlo».  It  i»  hop«d  Iheir  ptMtioU  utiUty  hu  bMo  foUy 
■tfktod. 
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any  other  circumpolar  star,  but  in  no  sense  would  it  pay  to  do  so.  construction 
If  the  reader  be  curious  to  know  how  this  table  is  formed,  he  will  J^  ^^  ^^^^ 
find  a  very  easily  undei-stood  account  of  it  in  the  explanation  to  ■twf' 
Norie's  Table  XVII. 

The    two    books    of   Towson — his   Ecc-meridian    Tables,    and  Bind Toweon'i 
Practical  Infommtion  on  the  Deviation  of  the  Compass,  &c. — should,  together  for 
for  convenience,  be  put  together  in  one  strong  binding;  and  the  «>'*^«^«'^oe, 
reader  is  recommended  to  adopt  this  plan  with  regard  to  them. 

To  finish  with  this  problem— Do  not  forget  that  the  latitude 
found  by  an  ex-meridian  (whether  above  or  below  the  Pole)  is 
that  of  the  ship  at  the  moment  of  observation,  and  if  required  for 
any  other  time,  must  be  reduced  to  it,  according  to  the  course  and 
distance  made  in  the  interval     Beau  this  in  mind. 


If.  in  the  determination  of  Uuitude,  Time  be  an  element  of  im- 
portance, it  becomes  an  absolute  neceatity  where  longitude  is  con- 
cerued — tbis  latter  being  invariably  found  afloHt  by  a  comparison 
of  the  time  at  ship  witb  tbe  time  at  some  other  place  wbicb  may 
happen  to  be  chosen  as  a  starting  point  from  wliicii  to  measure. 
f^''"*""!'^"  With  u»  ibia  starting  [joint  is  the  meridian  of  the  transit  instra- 
ObmTv»%otj    meiit  at  ihe  Knyal  Observatory  of  Greenwich;  and  it  is  probable 
I  at  Ortenwiob.  ^-^^.^^^^  ^^y  jutemationai  consent,  this  will  in  future  bo  considered 
I  the  J'^irat  Meridian  for  ilie  entire  globe,  and  fuf  eiga  charts  gradu- 

ated accordingly. 
LoDgitnda—  The  longiliule  of  a  place,  therefoie,  by  our  reckoning,  may  be 
andmoMared  ds'i"6'i  ^  '"'  "'"c  <if  '''^  ejuaior,  included  betweeu  the  meridian  of 
tireeiiwicb  and  the  meridian  of  tbe  particular  spot  referred  to ;  and 
is  measured  either  in  ipace  {°'"),  or  in  lime  (■""■■),  Or,  since  the 
meridians  all  run  together  to  a  point  at  tbe  poles,  the  longitude 
of  any  place  on  the  eartli's  surface  may  also  be  defined  as  tlia 
anifle  at  the  Vole,  included  between  the  meridian  of  tbe  place  and 
Bome  assumed  Firet  Meridian,  siicit  as  Greenwich. 

Owing  to  tliis  cvttveri/ence  of  the  meridians  just  alluded  to,  a 
degree  of  longitude  lias  ditfereut  absolute  values,  according  to  tha 
latitude  in  which  it  is  measured.  Thus,  a  degree  of  longitude 
on  the  equator  is  equal  to  GO  nautical  or  geographicid  miles.  In 
the  latitude  I'f  Chriatiaiia,  in  Norway  (60°  N.),  it  is  equal  to 
miles;  in  US'  20i'N.— the  highest  Intliu  le  attained  by  Capl 
Mai'kbam  in  tlio  recent  Arctic  Expedition  under  Captaiu  Sir' 
George  Nares — a  degree  of  loneitude  is  mly  7  miles  ;  and  at  tha 
l^orth  Pole  itticif,  iu  latitude  90°,  longitude  has  no  existence  whaU 
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ever,  and  the  sun  always  bears  true  south  during  the  six  months 
of  the  year  that  it  is  visible. 

When  referring,  therefore,  to  a  measure  of  longitude,  it  is  im- 
proper to  use  the  word  miles.  The  symbols  "* ' "  should  be  spoken 
of  as  degrees,  minutes,  and  seconds. 

As  the  sun,  which  is  the  great  timekeeper  for  the  world,  returns 
every   24  hours,  or  thereabouts,   to   the  same  meridian,  after 
describing    a  complete  circle,  or   360'', — it  follows,  by  simple 
division,  that  one  hour  of  time  is  equal  to  IS**  (degrees)  of  longitude;  Longltade  in 
one  minute  of  time  is  equal  to  15'  (minutes)  of  longitude ;  and  one  ^^rted 
second  of  time  is  equal  to  16"  (seconds)  of  longitude.  *a*o  •"• 

As  mentioned  in  a  previous  chapter,  there  are  several  astrono- 
mical modes  of  taking  account  of  time,  but  that  which  regulates 
the  business  of  life  is  naturally  reckoned  by  the  sun,  which  divides 
the  24  hours  into  alternate  periods  of  day  and  night — flight  and 
darkness.    It  is  mid-day,  or  noon,  at  a  place  when  the  sun  is  on 
its  upper  meridian,  and  midnight  when  on  its  lower  meridian,  at    - 
which  latter  time  it  has  accomplished  half  (ISO"*)  its  journey 
round  the  earth.     Owing  to  the  earth  revolving  left-handed  on 
its  axis,  the  sun  passes  the  meridian  of  places  to  the  eastward 
before  it  comes  to  us,  so  the  time  at  such  places  must  necessarily 
be  in  advance  of  ours ;  consequently,  a  citizen  of  New  York,  in  Hews  i^ 
74*  west  longitude,  may  (about  7  in  the  morning  of  his  time)  SjS5^5^"~ 
receive  a  cablegram  from  a  friend  in  London  telling  him  of  his  iMtwten 
marriage,  which  had  taken  place  that  same  forenoon  at  11  o'clock,  JJSttvSf  uJi. 
and  of  his  intention  to  embark  for  a  honeymoon  tour  in  America. 
In  this  case  electricity,  in  conveying  the  news,  had  outstripped 
the  sun  in  the  race  across  the  Atlantic — in  fact,  had  beaten  him 
by  several  hours — since  the  New  Yorker  at  7  in  the  morning 
(perhaps  while  still  in  bed)  had  intelligence  of  what  had  cUready 
occurred  in  London  at  11  A.M.  of  the  same  day. 

According  as  to  whether  his  own  time  is  ahead  of  Greenwich 
or  behind  it,  the  navigator  is  enabled  to  decide  whether  he  is  in  ^.^^  |^ 
east  or  west  longitude ;  and  one  is  saved  the  trouble  of  even  think-  naming 
ing  over  this  question  by  the  well-known  rhyme —  out  or  wott 

**  Longitude  west,  Qreenwich  time  best 
Longitude  east,  Greenwich  time  least" 

As  an  astronomical  question,  the  determination  of  longitude 
resolves  itself  into  the  determination  of  the  difference  of  time 
reckoned  at  the  two  meridians  at  the  same  absolute  instant  For 
seamen,  the  only  reaUy  practical  methods  of  effecting  this  are — 
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first  by  the  chronometer,  and  seconjly  by  Lunara.  These  last, 
however,  are  rapidly  dying  out,  and  are  mostly  looked  upon  now 
aa  "  fancy  navigation."  Excellcut  chrouometera  can  be  purchftserl 
I  brand  new  for  £25  to  £30 ;  when  second-hand,  and  equally  good, 
for  much  less;  iu  fact,  they  are  becoming  a  drug  in  the  market. 
The  better  class  of  vessela  seldom  carry  fewer  than  three. 

Till  Harrison's  invention  of  the  first  useful  artiticial  marine 
chronometer  was  given  to  the  world  in  1765,  through  the  well- 
judged  beneficence  of  the  British  Government,  the  only  chrono- 
meter generally  available  for  finding  longitude  at  sea  was  that 
great  natural  chronometer  presented  by  the  moon  in  her  orbital 
motion  round  the  earth. 

Imagine  a  line  joining  the  centres  of  inertia  of  the  earth  and 
moon  to  be,  as  it  were,  the  hand  of  a  great  clock,  revolving  round 
the  common  centre  of  inertia  of  the  two  bodies,  and  shewing  time 
on  the  background  of  stars  for  a  dial 

If  the  centres  of  inertia  of  the  moon  and  earth  moved  uniformly 
in  circles  round  the  common  centre  of  inertia  of  ibe  two,  the 
moon,  as  seen  from  the  earth,  wonld  travel  through  equal  angles 
of  a  great  circle  among  the  stars  in  equal  times ;  and  thus  our 
great  lunar  astronomical  clock  would  be  a  perfectly  uniform  time- 
keeper. 

This  supposition  is  only  a  rough  approximation  to  the  truth ; 
and  the  moon  is,  in  fact,  a  very  irregular  chronometer, 

But  thauka  to  the  mathematicians,  who  from  the  time  of 
Newton  have  given  to  what  is  called  the  "  Lunar  Theory "  Id 
Physical  Astronomy  the  perfection  which  it  now  possesses,  we  can 
tell,  for  years  in  advance,  where  the  moon  will  be  relatively  to  tht? 
stars,  at  any  moment  of  Greenwich  Time,  more  accurately  than  it 
can  be  observetl  at  sea,  and  almost  as  accurately  as  it  can  be 
observed  in  a  fixed  observatory  on  shore.  Hence  the  error  of  the 
clock  is  known  more  exactly  than  we  can  read  its  indications  at 
sea,  and  the  accuracy  with  which  we  can  find  the  Greenwicb 
Time  by  it  is  practically  limited  by  the  accuracy  with  which  we 
can  observe  the  moon's  place  relatively  to  sun,  planet,  or  star. 
This,  anhappily,  b  very  rougb  in  compari-son  with  what  ia  wanted 
for  navigation. 

The  moon  performs  her  orbital  revolution  in  27-321  days, 
and,  therefore,  moves  at  an  average  rate  of  O'sj  per  hour,  or  -55 
of  a  minute  of  angle  per  minuto  of  time.  Hence  to  get  the 
Greenwich  Time  correctly  to  one  minute  of  time,  or  longitude 
within  15',  it  ia  necessary  to  observe  the  moon's  position  accu- 
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rately  to  half  a  minute  of  angle.     This  can  be  done,  but  it  is 
about  the  most  that  can  be  done  in  the  way  of  accuracy  at  sea. 

It  is  done,  of  course,  by  measuring,  with  the  sextant,  the  angu- 
lar distance  of  the  moon  from  a  star,  as  nearly  as  may  be, 
in  the  great  circle  of  the  moon's  orbital  motion.  Thus  supposing  Amount  of 
the  ship  to  be  navigating  m  tropical  seas,  where  a  minute  of 
longitude  is  equal  to  a  mile  of  distance,  a  careful  navigator, 
with  a  good  sextant,  whose  errors  he  has  carefully  determined, 
can,  by  one  observation  of  the  lunar  distance,  find  the  ship's 
place  within  30  miles  of  east  and  west  distance.  If  he  has 
extraordinary  skill,  and  has  bestowed  extraordinary  care  on 
the  determination  of  the  errors  of  his  instrument,  he  may,  by 
repeated  observations,  attain  an  accuracy  equivalent  to  the 
determination  of  a  single  lunar  distance  within  a  quarter  of 
a  minute  of  angle,  and  so  may  find  the  ship's  place  within  7 
miles  of  east  and  west  distance ;  but,  practically,  we  cannot 
expect  that  a  ship's  place  will  be  found  within  less  than  20 
miles,  by  the  method  of  lunars,  in  tropical  seas,  or  within  10 
miles  in  latitude  QOt"  \  and  to  be  able  to  do  even  so  much  as 
this  is  an  accomplishment  which  not  even  a  good  modern 
navigator,  now  that  the  habit  of  taking  lunars  is  so  much-  lost 
by  the  use  of  chronometers,  can  be  expected  to  possess. 

To  be  able,  therefore,  to  place  any  reliance  on  Lunars,  requires  a  Lnnan 
really  first-class  observer,  and  constant  practice,  and  even  then  the  *S^JL 
results  are  at  best  but  approximate,  "  inasmuch  as  the  errors  of 
observation  are  multiplied  in  their  effects  on  the  resulting  longi- 
tude by  a  factor  whose  mean  value  is  about  30;  consequently  an 
error  of  only  10"  in  a  Lunar  Distance  (and  we  presume  that  under 
the  most  favourable  circumstances  we  have  no  right  to  expect 
less — and  in  most  cases  it  would  probably  be  very  much  more) 
becomes  300"  or  5'  in  the  resulting  longitude  deduced  from  it,  and 
this,  be  it  observed,  is  independent  of  an  additional  error  of  from 
6'  to  8'  due  to  a  small  uncertainty  still  existing  in  the  place  of  the 
moon  as  given  in  the  Tables."* 

Raper  also  says, — "  Great  practice  is  necessary  for  measuring 
the  distance  successfully ;  and  the  application  of  so  many  small 
corrections  as  are  necessary  where  accuracy  is  required  is,  even 
with  extraordinary  care  and  some  skill,  scarcely  compatible  with 
extreme  precisior." 

Also  in  a  fooonote  on  page  333  of  his  13th  ed.  we  find  the 

*  See  Admiral  Sir  Chas.  Shadwell "  On  the  Manayemeni  of  Chrononuien." 
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following: — '"The  Rev,  G.  Fisher,  in  the  appendix  to  Captain 
Parry's  second  voyage,  states  that  the  mean  o£  2500  Lnaara 
observed  in  December  differed  14'  from  the  mean  of  2500  observed 
in  March  I'ollowing ;  and  that  the  mean  of  the  observations  made 
in  the  same  summer  differed  10'  from  these  last,  or  24'  from  the 
first."  Captain  King,  in  his  survey  of  Australia,  notices  a  discre- 
pancy of  a  similar  kind  to  the  amount  of  12'  at  the  QolbouiD 
Islands. 

Sir  W.  Thomson,  who  is  considered  one  of  the  most  profound 
mathematicians  of  our  time,  referring  to  this  question  in  Ua 
"  Lecture  on  Navigation,"  says, — "  I  shall  say  nothing  of  Lunars 
at  present,  except  that  they  are  but  seldom  used  in  modern 
navigation,  as  their  object  is  to  determine  Greenwich  Time, 
and  this  object,  except  in  rare  instances,  is  now-a-days  more 
correctly  attained  by  the  use  of  chronometers  than  it  can  be  by 
the  astronomical  method." 

In  the  class  of  vessels  most  likely  to  need  Lunars  (namely,  thoaa 
small  craft  which,  for  sake  of  economy,  carry  but  one  chrono- 
meter), it  is  not  likely  that  an  expensive  Sextant  or  Quintant  will 
be  found ;  and  if  by  chance  it  were,  it  is  queationalle  whether 
the  requisite  expertuess  in  observing  and  calculating  would 
accompany  it. 

In  the  ordinary  cheap  sextants  the  divisions  of  the  arc  are 
onreliable — sometimes  to  the  extent  of  2' — which  puts  them 
entirely  out  of  the  question  for  Lunars.  In  poor  instruments, 
also,  the  cutting  of  the  vernior  and  arc  at  any  given  angle  will 
often  not  coincide  exactly,  aud  judgment  may  assign  the  wrong 
reading. 

Once  upon  a  time,  Lunars  used  to  be  the  crucial  test  of  a  good 
navigator,  but  that  was  in  the  "  good  old  days  "  when  ships  were 
made  snug  for  the  night,  aud  the  Bast  India  "  Tea- waggons"  took 
a  couple  of  years  to  make  the  roimd  voyage. 

The  writer  of  these  pages,  during  a  long  experience  at  sea  in 
all  manner  of  vessels,  from  a  collier  to  a  first-class  Royal  Mail 
steamer,  has  not  fallen  in  with  a  dozen  men  who  had  themselves 
taken  Lunars  or  bad  even  seen  others  do  so.  Whether  Lunars 
are  worth  cultivating  or  not  may,  in  the  minds  of  some  people, 
still  be  open  to  questiou,  but  certain  it  is  they  have  fallen  into 
disuse,  aud,  without  in  the  least  being  endued  with  the  mantle  of 
prophecy,  the  writer  ventures  to  say  they  will  never  be  resurrec- 
1  tionised,  for  the  best  of  all  reasons — they  are  no  longer  required. 

Nor  is  there  the  same  necessity  for  them  as  of  yore.     Steam  is 
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superseding  sail,  and  voyages  generally  are  shorter  than  formerly. 
Now-a-days,  also,  as  the  longitude  of  most  places  on  the  globe  has 
been  correctly  determined,  there  are  infinitely  greater  opportunities 
for  rating  chronometers. 

Thanks  to  the  persevering  research  of  Mr.  Hartnup,  the  able 
astronomer  at  Bidston,  who  has  experimented  for  this  purpose  with 
over  3000  chronometers,  the  fluctuations  of  rate  due  to  temperature 
are  fully  understood,  and  rendered  capable  of  easy  application.    It  Ck)rr«ctcfc««i- 
may,  therefore,  be  confidently  stated  that  there  is  now  no  reason  now  eaiuy 
why  (on  board  steamers,  at  least)  the  correct  Greenwich  Time  <>****»«^ 
should  not  always  be  known  within  eight  or  ten  seconds  at  the 
very  ottaide. 

On  shore,  differences  of  longitude  can  be   determined  with  Wflteenoii  of 
marvellous  accuracy  by  means  of  the  electric  telegraph,  used  in  how  attar- 
connection  with  the  Transit  instrument,  Astronomical  clock,  and  ?*"ilS_ 

'on  snon. 

Electro-chronograph.  This  last-mentioned  instrument  may  be 
regarded  as  an  appendage  of  the  clock,  and  is  a  contrivance  for 
visibly  recording  on  a  sheet  of  paper  each  successive  beat  of  the 
clock.  This  is  very  simply  and  readily  accomplished  by  elec- 
tricity. The  instant  of  the  occurrence  of  any  celestial  phenomenon 
is  also  registered  on  the  same  slip,  in  such  a  manner,  that  it  can  initnuMali 
be  referred  to  the  preceding  clock-beat  with  great  precision.  In  *"•*" 
fact,  the  interval  between  two  successive  beats  of  the  clock  can 
be  easily  divided  by  scale,  so  as  to  admit  of  the  time  of  the 
occurrence  being  read  off  to  the  one-hundredth  part  of  a  second. 
The  Chronograph,  therefore,  by  subdividing  minute  portions  of 
time,  performs  a  similar  office  for  the  clock  that  the  Vernier  does 
for  the  Sextant. 

In  ascertaining  differences  of  longitude,  the  usual  method  now  Aotiua  modt 
employed  is  to  note  the  time  occupied  by  a  certain  star  in  passing  ^  ^wn,ttaiL 
from  the  one  meridian  to  the  other.  Roughly  stated,  the  mode 
of  carrying  out  this  operation  in  practice  is  as  follows : — ^At  each 
station  there  is  a  properly  adjusted  Transit  instrument,  also  a 
Chronograph,  and  at  one  of  the  stations  an  Astronomical  clock, 
the  rate  of  which  has  been  carefully  ascertained  Further,  it  is 
necessary  that  the  stations  should  be  placed  in  direct  telegraphic 
communication  with  each  other. 

When  the  star  agreed  upon  enters  the  field  of  the  transit 
instrument  at  the  eastern  station,  the  assistant  to  the  observer 
sets  the  Chronograph  in  motion,  and,  by  a  preconcerted  signal, 
notice  is  given  to  the  observer  at  the  western  station  to  do  the 
same.    The  clock,  then,  by  suitable  electric  connections,  records 
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its  beats  oo  both  Chronograpba  simultaneously,  and  the  instant  of 
the  star's  transit  ia  also  recorded  at  the  proper  time,  by  the 
observer  touching  a  small  spring  known  as  a  "signal  key."  This 
constitutes  the  first  half  of  the  business.  When  the  star,  in  due 
course,  arrives  at  the  meridian  of  the  western  station,  the  fore- 
going signals  are  there  repeated  in  a  precisely  similar  maimer, 
which  completes  the  operation. 

The  Chronographic  Registers  are  then  consulted,  and  the  interval 
measured  by  the  clock  {aft^r  being  corrected  for  its  rate)  is.  of 
course,  the  difference  of  longitude  between  the  two  stations.  The 
foregoing  is  but  one  o£  several  telegraphic  methods  for  determin- 
ing differences  of  longitude  ou  shore. 
MfrerenaBs  of  At  sea  there  is  no  means  o£  exactly  noting  the  transit  of  a 
how  dctOT-  heavenly  body,  so  local  time  on  shipboard  is  always  found  from 
laiati-itiBi.  an  altitude  ot  some  celestial  object,  observed  with  the  Sextant, 

»and  measured  from  the  Sea  horizon.     The  computation  of  the 
hour  angle  or  meridian  distance  is  then  made,  and  the  resulting 
local  or  ship  time  is  compared  directly  with  the  Greenwich  Time 
given  by  the  chronometer  at  the  instant  of  the  observation.     Next 
to  the  meridian  altitude,  this  problem  is  about  the  most  familiar 
to  the  navigator,  and  yet  experience  proves  that  it  is  but  very 
Ho  dlnct        imperfectly  understood   by  the   majority,      /(  i«  quite  cominoiUy 
ratio  tMtwaen  guj^toged  that  the  error  in  the  longiluiie  ia  ifrirtli/  proportional  to  the 
obsBrvkUoD     error  in  the  altitude : — thus,  i£  on  a  hazy  day,  the  observation  ia  ia 
In  tbammit.  doubt  some  3'  or  4',  it  is  innocently  considered  that  this  also  is  the 
limit  of  error  of  the  longitude.     Not  so,  however,  as  will  presently 
be  shewn ;  the  error  in  the  longitude  may  eatUtf  be  treble  the 
error  in  the  altitude,     (See  Table  II.,  page  291). 
Proper  Uin»        For  sights  to  give  the  longitude  correctly,  ihey  must  he  taken  at  Uie 
f°  ^i^^wS"  I'i^^f  time : — that  is,  when  an  error  either  in  the  latitude  of  the 
observer,  or  in  the  altitude  observed,  will  produce  the  least  effect 
on  the  hour  angle.      To  fulfil  this  condition,  tite  body  must  be  ob- 
served when  it  ia  on  the  Privie  Vertical.  These  two  last  appear  big- 
sounding  words,  and  some  people  allow  themselves  to  be  unne- 
cessarily scared  by  them,  although  they  are  capable  o£  very  simple 
explanation. 

mm*  A  celestial  body  ia  said  to  be  on  (/te  Prime  Vertical  when  it  bears 

V^rtieit         ^^^  ^^j  Qj,  ^gj,j .  g^  jjj^^  it  Li  merely  a  term  used  in  opposition  or 

Lcsntradistinction  to  the  well  known  expression  "  on  the  MeriJian." 
which  latter  refers  to  an  object  having  a  true  north  or  south 
bearing.  Tlie  Prime  VerHcal,  therefore,  is  al  rig/iC  anglea  to  the 
Meridian,     To  get  the  latitude,  seamen  are  very  familiar  with  iJia 
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"  Meridian  altitude,'*  and  for  finding  the  longitvde,  they  should  be 
on  equally  good  terms  (to  coin  an  expression)  with  the  Prime 
Vertical  altitude. 

When  a  celestial  object  is  observed  " on  the  meridian"  the  lati- 
tude is  found  without  the  time  being  known  with  greater  accuracy  • 
than  is  necessary  to  correct  the  declination  for  the   Greenwich 
date.     In  the  same  manner,  when  an  object  is  observed  "on  ^e Latttud* of 
Prime  Vertical"  the  longitude  can  be  found  without  the  necessity  importanM 
of  the  latitude  being  accurately  known — indeed,  sometimes  an?J^*';®^**'T*" 
error  of  30'  or  40'  will  not  perceptibly  affect  the  result.     To  on  tho  Prlnio 
carry  out  the  comparison : — when  an  "  ex-meridian  "  for  latitude  ^•'**®*^ 
is  observed,  a  knowledge  of  the  correct  time  is  necessary ;  .and 
the  further  the  object  is  from  the  .Meridian,  the  more  import- 
ant such  knowledge  becomes.     Similarly,  when,  to  determine  the 
longitude,  an  object  is  observed  which  is  " Ex-Prirne  Vertical^ik 
is  essential  to  a  correct  result  that  the  latitude  should  be  accurately 
known ;  and  the  further  the  object  is  from  the  Pnme  Vertical, 
the  more  important  such  knowledge  becomes. 

Time  sights  should  be  taken,  therefore,  when  the  body  observed  oood  ilgliio 
bears  true  east  or  west,  or  as  near  thereto  as  possible.    According  ^l^JJfliSlJr 
to  the  latitude  and  declination,  this  occurs  at  various  hours  in  bo  liad  witliin 
the  day,  and  it  sometimes  happens  in  the  tropics  that  the  most  miS^if^ 
accurate  results  are  to  be  got  from  sights  taken  within  half  an 
hour  of  noon.     At  such  times,  also,  the  horizon  is  free  from  that 
fierce  glare  which  so  often  dazzles  the  eye,  and  renders  the  horizon 
indistinct  when  the  altitude  is  low.     This  latter  important  advan- 
tage is  also  gained  with  stars  observed  during  twilight,  when  the 
horizon  as  a  rule  is  strongly  marked. 

When  the  observer  is  on  the  equator,  the  Prime  Vertical  becomes 
identical  with  the  Celestial  Equator.  In  this  case,  if  the  declin- 
ation be  0^  the  sun  will  rise  exactly  at  east,  and  continue  on  that 
bearing  till  the  instant  of  noon,  when  it  will  be  directly  overhead 
or  in  the  zenith,  and  have  no  compass  bearing  whatever,  and  its 
altitude  (90°)  may  be  observed  from,  any  point  of  the  horizon. 
Immediately  that  it  has  passed  the  meridian,  it  will  bear  west^ 
and  continue  to  do  so  till  it  sets  at  six  o'clock. 

When,  as  just  mentioned,  the  latitude  and  declination  both 
happen  to  be  0"* — which,  by-the-bye,  will  seldom  happen  to  any 
one  individual — there  is  little  or  no  calculation  required  to  find 
the  hour  angle  or  meridian  distance.  (Don't  forget  that  these 
two  mean  the  same  thing.) — ^Take  a  sight  at  any  altitude ;  correct 
it,  as  usual,  by  Table  IX.  of  None  *  find  the  zenith  distance  by 
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subtracting  it  from  90°;  turn  tbis  zonith  distance  into  time,  and 
you  have  at  once  the  hour  angle ;  or  the  Apparent  Time  at  Sliip,  if 
the  object  be  the  sun,  and  the  time  be  afternoon.  Of  course  in  the 
forenoon  you  will  subtract  tbe  liour  angle  from  12  hrs,  or  24  brs. 
to  get  A.T.S.,  according  to  the  way  you  wish  to  apply  it. 

Parallels  of  latitude  encircle  the  globe  io  an  east  and  west 
direction,  and  to  determine  which  of  the  parallels  we  are  situated 
upon,  we  select  celestial  objects  at  right  angles  to  tbis  direction, 
or  as  nearly  north  and  south  as  we  can  get  them. 

Meridians  pass  from  pole  to  pole  in  a  north  and  south  direction; 
and,  following  out  the  above  argument,  to  determine  which  of  the 
meridians  we  are  situated  upon,  we  select  celestial  objects  at  right 
angles  to  their  direction,  or  .as  nearly  ea^t  and  west  as  possible, 
A  special  reason  will  be  given  for  this  in  the  nest  chapter ;  mean- 
while, the  reader  will  kindly  accept  the  statement  as  reliable. 

It  is  vfry  important  that  attention  should  be  paid  to  tbia  point 
in  observing  for  time,  as  neglect  of  it  may  entail  serious  disaster. 
TiUa  iHmt-  In  tbe  majority  of  epitomes  there  is  a  table  which  shews  the  hour 
uon  tha  Bout  o*"?'*  f/  ti  celestial  object  when  it  is  on  the  Prime  Vertical,  and 
Angle  ud  Alt.  daily  refwence  should  be  made  to  it,  so  as  to  get  sights  at  the  moat 
vben  OS  lbs  favourable  moment.  In  Karie's  Kavigation,  tbe  table  is  numbered 
^;^  XLV.."  and  in  the  one  following  will  be  found  the  true  altiiwU 

of  the  body  when  it  is  on  the  Prime  Vertical,  so  that  either  may 
be  used  at  pleasure.  Of  course  if  the  time  at  ship  be  not  known 
within  a  handful  of  minutes,  it  will  be  preferable  to  use  the 
altitude.  The  sextant  can  be  set  to  it,  after  correcHitg  it  6aat- 
warde,  by  subtracting  the  quantity  in  Table  IX.,  and  all  possibility 
of  mistake  thus  avoided. 

The  nearer  the  bearing  is  to  east  or  west  the  better,  bat  in 
practice  it  may  be  a  little  on  cither  side  of  it  without  signifying 
greatly ;  and,  indeed,  clouds  and  other  causes  will  often  interfere 
to  prevent  tbe  sight  being  taken  exactly/  at  the  instant  of  passing 
the  Prime  Vertical.  Sailors  think  nothing  of  waiting  for  tbe 
Meridian  altitude  to  get  the  latitude:  Why  not  wait  for  the 
Prime  Vertical  altitude  to  get  the  longitude  ?  The  one  thing  is 
as  reasonable  as  the  other. 

The  reader  is  strongly  counselled  to  look  over  the  explanation 

to  the  tables  above  specified  :  it  is  given  on  page  xxxii.  of  Noriei. 

Another  mode  of  ascertaining  the  time  that  a  celestial  object 

will  bear  east  or  west,  is  by  reference  to  Burdwood's  or  Davis'i 
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Azimuih  Tables,  where,  by  opening  at  the  latitude  of  the  observer 
(mme  name  as  declination),  and  running  down  the  proper  column, 
the  required  hour  angle  will  be  found  in  the  right-hand  margin, 
opposite  the  bearing  of  90".  As  these  tables  do  not  extend  be- 
yond 23**  of  declination,  they  can  only  be  used  with  a  body  whose 
declination  does  not  exceed  that  amount  In  Norie,  the  limit  for 
declination  is  50^  and  for  latitude  70^ 

A  celestial  object  can  only  bear  true  east  or  west  when  its  de-  p.  v. 
clination  is  of  the  8ame  name  as  the  latitude,  and  less  in  amount  po^i^rirhai 
When  the  declination  is  of  the  same  name,  but  greater  than  the  i*^  m^* 
latitude,  the  object  will  not  pass  the  Prime  Vertical,  bui  its  nearest  same  nai 
approach  thereto  will  be  when  its  diurnal  circle  coincides  with  an 
azimuth  circla     This  will  be  rendered  clearer  by  supposing  a 
case,  and  referring  it  to  Burdwood  or  Davis. 

For  example : — In  latitude  10"  N.,  the  sun's  declination  being 
23®  N.,  when  will  it  be  at  its  nearest  approach  to  the  Prime 
Vertical,  and  what  will  be  its  bearing  in  the  forenoon  at  that  Lai  and 
moment?    Open  Uavis  at  page  81,  and  it  will  be  found  that,  with  ^i^T^ 
the  data  given,  the  sun  will  rise  bearing  N.  66**  37'  R;  its  bearing  name!— beii 
will  gradually  get  more  easterly  till  7*36  A.M.,  when  it  will  be  (AMcrra. 
N.  69""  11'  K,  and  at  its  nearest  approach  to  the  east  and  west 
points ;  after  which  it  will  become  more  northerly,  till  it  arrives 
on  the  meridian  at  noon.     In  this  case,  therefore,  half -past  seven 
in  the  morning,  or  half -past  four  in  the  afternoon,  will  be  the  best 
time  to  take  sights  for  longitude;  for  though  the  sun  will  not  be 
on  the  Prime  Vertical,  and  therefore  not  in  the  most  favourable 
position  for  giving  the  time,  it  is  the  best  that  can  be  got  under 
the  circumstances.     With  the  conditions  just  cited,  an  error  of 
1'  in  the  latitude  will  only  cause  an  error  in  the  hour  angle  of  a 
second   and  a  half ;  and  an  error  of  1'  in  the  altitude  will  only 
cause  an  error  of  rather  more  than  four  seconds  and  a  quarter. 

As  before  stated,  when  the  object  is  exactly  on  the  Prime- 
Vertical,  an  error  in  the  latitude  of  even  30'  or  40'  will  not 
appreciably  affect  the  result  This  knowledge  is  of  incalculable 
value,  as  it  shews  the  navigator  how  the  longitude  may  be 
obtained  when  the  latitude  by  account  is  possibly  very  much  in 
error.  The  correct  time,  thus  acquired,  may  be  afterwards  used 
to  get  the  latitude  by  an  "  Ex-meridian,"  when  the  conditions  of 
the  "  Ex-meridian  **  might  unavoidably  be  such,  that  without  the 
correct  time  the  result  deduced  might  be  considerably  astray. 

When  the  latitude  and  declination  are  of  contrary  names,  the 
object  cannot  bear  east  or  west,  but  will  be  nearest  to  these  points 
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•t  nao%  and  «c«iog  eopaeqaently,  ia  each  a  ease,  the  lost 
I  vnfikTotumUe  tinte  for  obeerruig  will  be  vben  the  otjut  is  neu- 
Ihe  boriaon.  but  not  «t  a  kas  altitude  thaa  3'  or  €*,  uale^  &aro 
k  tiie  state  of  the  atmoapbere,  and  the  reUtire  tempentona  of  tb« 
sir  and  sea,  one  is  kd  to  believe  that  there  is  not  an  nnuaaal 
anKntnt  of  refraetioD. 

This  can  io  general  be  gnessed  pretty  nearly,  by  noticing  the 
shape  of  the  sno  at  ming  ur  setting.  If  it  appears  flattened,  or  >f 
its  limbs  spread  out  on  tuoching  the  horizun,  or  cling  to  it  on 
leaving,  yea  tnay  be  sore  there  is  excenive  lefnctioa  On  the 
other  band,  if  the  son  retains  its  etrcolar  shape,  and  the  contact  of 
the  limb*  is  veil  defined,  there  is  bat  Uttie  refivctioD.  In  this 
latter  case,  however,  it  may  be  lot  than  the  tabular  value,  which 
of  oomsB  would  introduce  an  error  on  the  otit^  side ;  so  that,  as  a 
rule,  even  though  the  mean  refraction  be  corrected  for  the  height 
of  the  barometer  and  thermometer,  observations  very  near  the 
horizon  should  be  avoided.  The  careful  reader  will  see  from  the 
foregoing,  that  the  dderminaticn  of  the  lon^fude  by  Ihf  cum  tm  hi^ 
latitudes  during  the  winter,  must  be  very  unsaiii/cKtory. 

If  a  low  altitude  be  used,  it  ia  open  to  errors  of  refraction ;  bol 
in  winter  one  eeldom  gets  the  chance  of  am/  altitode  till  the  snr 
has  strength  to  break  through  the  clouds,  at  which  time  its  bearing 
is  so  far  from  the  Prime  Vertical,  that  any  error  either  in  the  alti- 
tude or  latitude  will  produce  a  very  large  one  in  the  longitade. 
viBter.  tva  On  this  accouut,  for  four  or  6vo  months  in  the  year,  na^ngation  tn 
tnnwiaa^  Ota  own  latitudes  is  a  mncb  less  ticklish  affair  when  the  stars  are 
*"■ "  brought  into  action.     In  most  cases  they  can  be  selected  on,  or 

nearly  on,  the  Prime  Vertical  daring  twili^-ht,  and  will  then  give 
a  wrtf  reliable  longitude.     It  has  already  been  demonstrated  that 
flun  mvibU  *''^''*=  ^  ""  difficulty  in  getting  a  good  latitnde  by  Meridian  or 
stkiiMuou.  Ex-meridian  altitudes  of  these  friendly  guides. 

Even  bupposing  that  inexpertness  in  taking  stars  may  cause 
some  error  at  first,  the  chances  are  that  it  will  be  less  (if  the 
objects  seU-cted  be  well -conditioned)  than  the  inherent  error  arising 
from  an  ill-conditioned  observation  of  the  sun,  which  is  concealed, 
and  beyond  the  observer's  controL 

Table  I.,  (pages  288,  289),  inserted  by  tlie  generous  permismoa 
of  its  author,*  gives  the  error  of  longitude  due  to  an  error  of  1'  in 
the  Latitude,  for  every  second  degree  of  bearing  from  10*  up  to 
90.*     This  is  a  most  valuable  table,  shewing  at  a  glance  what  to 


I 


EFFECT  PRODUCED  BY  WRONG  DATA.  287 


expect  from  an  incorrect  latitude.     The  writer,  following  up  Mr.  Tablai  sli«w. 
Johnson's  idea,  has  had  Table  II,  (pages  290,  291)  computed  for  J2,5[^^ 
him  by  one  of  his  oflScers,  Mr.  George  0.  Burton,  which,  in  a  won  of 
similar  manner  to  Table  I,  gives  the  approximate  error  m  the  altitude, 
longitude  due  to  an   error  of   1'  in  the  Altitude.     Of  course 
an  error  in  the  Polar  distance  (the  third  element  in  the  problem 
for  finding  the  time)  should  never  occur,  and,  accordingly,  is  not 
taken  into  consideration.  * 

To  avoid  confusing  Table  I.  with  Table  II.,  the  latter  is  printed 
in  red  ink. 

Reference  to  the  top  right  hand  corner  shews  that  in  high 
latitudes,  when  the  bearing  is  only  15**  or  20°  from  the  meridian, 
the  error  in  the  longitude  may  be  very  large — conceive,  then,  the 
difficulties  of  Polar  navigation.  Even  in  the  very  ordinary  case 
given  on  page  231,  where  the  morning  sights  were  taken  at  10*16 
o'clock,  when  the  sun  had  a  bearing  of  S.  23J°  K,  an  error  in  the 
A  Ititude  of  only  2'  (nothing  very  uncommon  with  a  poor  horizon 
or  a  poor  sextant)  would  put  the  longitude  out  9'.  Should  this  by 
chance  conspire  with  the  error  caused  by  working  with  the  wrong 
Latitude,  the  total  error  in  the  longitude  of  the  ship,  from  both 
causes  acting  in  concert,  would  in  this  particular  instance  amount 
to  33'.  This  will  explain  some  of  the  bad  land-falls  made  inBxpUnatUm 
winter,  which  at  the  time  were  wrongly  imputed  to  the  chrono- J^iSj* '"*' 
meter,  or  perhaps  to  an  extraordinary  "set." 

The  quantities  in  these  two  tables,  it  will  be  seen,  depend 
upon  the  latitude  of  the  observer  and  the  bearing  of  the  object. 
The  latter  is  easily  arrived  at  by  the  Azimuth  Tables,  or,  if  great 
accuracy  be  a  matter  of  no  moment,  by  a  compass  bearing  corrected 
for  Variation  and  Deviation.  To  change  the  tabular  values  into 
seconds  of  time,  multiply  by  4. 

In  working  out  sights  at  sea,  it  is  perfect  folly  to  work  toFUljof 
seconds  of  arc ;  the  nearest  quarter  of  a  minute  (15^^  is  quite  dose  JJJSSSui? 
enough,  and  in  this  Baper  helps  materially  by  his  Table  68,  where  an- 
i?ie  log,  sines,  Sfc,  are  given  for  every  half  minute  (30")  of  arc 
Baper  desei*ves  the  thanks  of  seamen  for  many  things,  and  this  is 
not  one  of  the  least  of  them. 

Nor  is  it  necessary  to  take  out  the  logarithms  to  more  than  five 
figures,  any  greater  exactness  being  incompatible  with  the  com- 


*  In  this  Edition,  Table  II.  is  qnite  accurate,  having  been  kindly  overbanled  by 
Capt.  S.  P.  H.  Atkinson,  who  lent  a  hand  with  one  or  two  other  things  which  have 
also  been  improved  upon. 
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paratively  rude  nature  of  the  observation,  and  in  consequence 
thrown  away. 
Bqnattoo  of  Usually,  the  Equation  of  Time  is  apf)lied  to  the  Apparent  Time 
to  apply  it.  &^  Ship  ^o  reduce  it  to  Mean  Time,  but  you  can  steal  a  little  march 
by  applying  it  to  the  Greenwich  Mean  Time  at  the  commencement 
of  the  work.  There  is  then  so  much  less  to  do  when  the  calcula- 
tion is  completed  at  noon.  When  applied  to  Greenwich  Mean 
Time  in  this  manner,  the  equation  must  be  added  or  subtracted 
as  directed  on  page  II.  of  the  N.A.* 

About  as  good  a  way  as  any  for  finding  the  time  at  ship  is 
Method  I.  of  Norie,  which  will  accordingly  be  here  used  in  the 
DoiuiTw  examplea  It  Ls  necessary  to  beware  of  those  so  called  ''short 
methods  "  which  appear  from  time  to  time.  They  generally  only 
look  short,  because  good  care  is  taken  to  apply  the  various  correc- 
tions beforehand,  and  the  unsuspecting  reader  is  deceived  by  this 
devica  It  is  seldom,  however,  that  there  is  a  real  difference 
of  half-a-dozen  figures,  and  the  mathematical  correctness  of  tlie 
problem  is  sometimes  more  than  doubtful. 
''•'^•^*«  As  a  case  in  point  we  will  take  the  small  but  expensive  pamphlet 

by  Mr.  Martelli,  which  contains  rules  and  tables  for  finding  the 
longitude  by  chronometer. 

When  his  so-called  "  short  metho<l "  is  properly  overhauled  and 
compared  with  Norie's  Method  I.,  we  get  the  following  startling 
result : — Martelli,  oG  figures  and  5  logarithms,  against  Norie's  59 
figures  and  5  logarithms,  required  to  produce  the  same  result  So 
that  by  the  first  metho<l  we  have  the  enormous  (! ! !)  gain  of  three 
figures.  Furthermore,  Mr.  Martelli's  pamphlet  contains  several 
glaring  errors  which  make  one  rather  dubious  about  the  general 
correctness  of  the  tables,  although  (for  all  the  writer  knows  to  the 
contrary)  the  mathematical  principle  of  his  method  may  be 
correct  enough. 

Another  pamphlet  came  out  some  years  ago  wherein  it  was 
stated  that  chronometers  were  quite  unneci'ssary  to  find  the  longi- 
tude at  sea,  and  that  it  could  be  done  equally  well  by  the  method 
set  forth  in  the  pamphlet.  But,  some  way  or  other,  its  author  has 
not  as  yet  succeeded  in  converting  the  public  to  his  views,  and 
the  chronometer  trade  is  more  brisk  than  ever. 

To  illustrate  what  has  been  said  relativr  to  the  great  advantage 
of  taking  observations  on  the  Prime  Verticiil,  when  desirous  of 
finding  the  longitude,  a  few  examples  will  now  be  given. 


OBSERVATION  ON  THE  PRIME  VERTICAL. 
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Example.     ®  bearing  N.  89**  53'  W.  (true). 
On  board  the  s.8.  " British  Crown" about  4  p.m.  June  25th,  1880,  Bxampia 
a  chronometer  (which  was  4m.  00s.  slow  of  Q.1\1T.)  shewed  7h.  adyantage  of 
43m.  57s.  same  date,  when  the  alt.  of  the  ®.  was  37°  49f '.     Eye  32  obiwrvatioM 
feet    No  index  error.    Lat  40°  00'  N.,  and  Long.  57°  12'  W.,  both  verttoai. 
by  dead  reckoning.     Required  the  longitude. 


Time  by  chronometer    • 
Slow 


7  43  67 
+  4  00 


a.M.T.    -  .  -  . 

Equation  of  Time  • 


-  7  47  57 

-  — 2  80 


0    87  49f 
+    »   Table  IX, 

-i>-8r68}' 


0-62  hourly  dUL 
7-8  G.M.T. 


416 
864 


Greenwich  Apparent  Time     7  46  27 


•f  4-056 
2  25*760 


M.  a 

Corrected  Equation  of  Time  *    2  29*81 


tt 


4*6  hourly  difference  of  declination 
7*8  G.M.T. 

868 
823 


—  86*88 
28  23  14  40  declin.  at  G.M.  noon. 


28  22  39  corrected  declin. 
90 


Polar  distance 
Latitude  -  - 
Altituie     -    • 


isum    •    - 
Remainder 


66  87i 
40  00 

87  68} 


144  86 


Cosecant 
Secant -« 
Cosine  • 
Sine 


0-03720 
011676 
9-48292 
9*76114 


H  M.  8. 


9-88701  =  8  66  42  Apparent  Thne  at  Ship. 

7  ^  27        ..  Greenwich. 


f« 


Longitude  in  time  -  8  48  46  =  67  11}  W. 


Same  sight  worked  with  latitude  39°  20'  N.,  or  40'  in  error. 

P.D.    66*  874'  0  03720 

Lat.     89   20  011156 

Alt.     87    68|  9*49076 

9*74742 

H.   M.   8, 


148    66 

I  Sum.  71    68 
Rem.     88    69} 


9*88694    =    8  66   41    App.  Time  at  Ship. 

7   46  27       ..         ..       Greenwich. 


tt 


ff 


8   48   46  =  6r  Hi'  West. 


In  this  case,  with  the  sun  on  the  Prime  Vertical,  an  error  in  the 
latitude  of  40'  caused  an  error  in  the  longitude  of  only  0{\ 

Venus  and  Jupiter  are  often  on  or  near  the  meridian,  when  Veniu  or 
sights  of  the  sun  are  taken  in  the  morning  or  afternoon;  and,  J^JJ'** 
therefore,  the  latitude  found  by  them  serves  to  work  the  sights,  ■imnitwieoM 
and  18  free  from  the  errors  of  the  run.    This  is  so  manifest  an  longitude, 
advantage,  that  the  N.A.  should  occasionally  be  consulted,  to  see 
if  either  of  these  planets  are  available.     Their  Eight  Ascensions 
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VENUS  IN  SUNSHINE. 


1tod«  of 
obsemng 
planets  In 
OByllgHt. 


should  diifer  from  that  of  the  sud  by  at  least  two  hours,  other- 
wise they  will  be  renJered  invisible,  by  being  in  the  very  bright 
part  of  the  sky  surrounding  the  latter. 

The  proper  plan  iii  to  set  the  sextant  to  the  computed  meridian 
altitude.  Use  either  the  direct  or  inverting  telescope  (whichever 
you  are  most  accustomed  to),  but  the  last,  as  it  has  more  power, 
is  to  be  preferred-  Screw  it  close  dvwn  to  tJie  plane  of  the  iuslru- 
•ment,  and  having  directed  the  sight  to  the  north  ot  south  point  of 
the  horizon,  the  planet  ought  to  be  seen  In  the  aih'ered  part  of  the 
glass.  Of  course  that  part  of  the  sky  must  be  entirely  free  from 
even  the  most  filmy  clou'is,  and  unless  the  sextant  glasses  are  per- 
fectly clean,  and  the  silvering  of  the  mirrors  in  good  order,  there 
is  little  ose  in  attempting  this  observation. 

About  145  P.M.  June  15th,  1882,  on  board  the  8.8.  "British 
Prince,"  homeward  bound  from  Philadelphia,  in  Latitude  48' 
331'  ^-1  tmd  Longitude  24°  30'  W.,  both  by  account;  Barom. 
30"  22;  Therm,  in  the  shade  on  deck  63" ;  wind  S.S.W.,  light  breeze, 
with  smooth  water,  fine  clear  weather.  Having  found  by  reference 
to  the  N.A.  (page  237)  that  Venus  (?)  would  pass  the  meridian  at 
2'7  P.M.,  decided  to  observe  It,  and  accordingly  set  the  sextant  to 
the  computed  altitude  64°  38'  (see  rule,  page-  234), 

On  looking  for  the  planet  near  the  appointed  time,  it  was  seen 
beautifully  distinct  a  little  below  the  horizon,  and  no  difficulty 
was  experienced  in  getting  the  exact  meridian  altitude,  notwith- 
standing that  the  midsummer  sun  was  shining  brilliantly  in  a 
cloudless  sky,  and  the  fact  that  there  were  but  two  hours  differ- 
ence of  Right  Ascension  between  him  and  Venus. 


Mod  Time  «t  Orwawleh     . 


it)»4(i"i»(iu)-=i'  w 


DkIId.  oF  VcDoi  Jane  lUh  .    E3    8  »  N 
Dmteuc  In  ibn.  Uia.  ....  -        1  (10 
Dwiln.  corneLwl  tor  G  M  T.    jy  V  !»•  S 

ObL  lit.  ot  Tniu MH| 

Csrr.  lUtoXV.afKoria     ,.-        S 

ttiwilt.     «t»»| 

M 

Merid.  BIL  diit     UKIK. 

Comctvil  ilnliB.     *1    B|  X. 

Ulitdda     **•»»•  S. 


Now,  the  apparent  diamoter  of  Venus  on  this  occa.sion  was  only 
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12^,  and  when  the  reader  is  informed  that  at  inferior  conjunction 
it  amounts  to  as  much  as  67^  it  will  be  seen  that  in  the  absence 
of  clouds  there  should  be  usually  no  diflSculty  about  picking 
it  out  even  in  strong  sunlight. 

Here,  however,  it  is  necessary  to  put  in  a  word  or  two.  Venus  PhaMs  of 
is  an  inferior  planet,  that  is  to  say,  its  orbit  lies  between  the  earth  ^•^^**- 
and  the  sun ;  it  therefore  exhibits  well  marked  phases  resembling 
those  of  our  moon,  and  the  best  time  for  an  observation  such  as 
described  above,  is  when  the  planet  is  about  five  weeks  from 
inferior  conjunction,  or  its  nearest  approach  to  the  earth.  Its 
apparent  diameter  is  then  about  40"",  and  the  breadth  of  the 
illuminated  part  nearly  ICT,  so  that  rather  less  than  \  of  the 
entire  disc  is  illuminated;  but  this  small  portion  transmits  more 
light  at  such  times  than  do  phases  of  greater  extent,  because  the 
latter  correspond  to  greater  distances  of  the  planet  from  the 
earth. 

Year  by  year  in  the  N.A.  the  date  is  given  when  Venus  attains 
its  greatest  brilliancy ;  thus,  on  page  461  of  the  N.A.  for  1884, 
under  the  heading  of  Phenomena,  this  is  shewn  to  occur  on 
August  17th. 

To  find  the  latitude^  it  has  been  said  that  slow-moving  stars 
near  the  Poles  are  best ;  but  to  find  the  longitude,  select  bodies  on 
the  Prime  Vertical,  as  their  motion  in  altitude  is  then  the  greatest. 
It  does  not  signify  whether  their  declination  be  large  or  small, 
since  for  any  given  laiiixjude  the  motion  in  altitude  on  the  Prime 
Vertical  is  the  same,  no  matter  what  the  declination. 

Again,  "  Since  the  change  of  altitude  of  any  celestial  body  is  ObMrrationi 
greatest  at  the  Equator,  and  nothing  at  the  Pole,  the  time  deduced  Si^^£J^ 
by  means  of  altitudes  is  more  correctly  determined  in  low  than  in  Equator. 
high  latitudes."* 

In  the  two  following  examples  of  stars  taken  near  the  Prime 
Vertical,  the  formal  rule  for  working  them  is  left  out,  as  the 
method  (with  one  or  two  easily  noticed  exceptions)  is  so  similar 
to  that  by  the  sun.  In  star  observations,  the  longitude  is  the 
difference  between  the  Sidereal  Time  at  Ship,  and  the  Sidereal 
Time  at  Greenwich. 

Erei  this  the  reader  must  be  pretty  familiar  with  the  conversion 
of  Mean  Time  and  Sidereal  Time,  and  should  experience  no  diffi- 
culty in  mastering  what  follows.  To  avoid  perplexing  him  by 
anything  strikingly  different  to  what  is  contained  in  the  examples 

•  Rftper. 
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VerttoaL 


296 


ALIAIR  NEAR  THE  PRIME   VERTICAL, 


of  stars  already  given,  the  Epitome  method,  wherein  the  sun's 
Bight  Ascension  is  iised  with  the  Equation  of  Time,  is  not  intro- 
duced. This  adherence  to  one  rule  when  practicable,  is  in 
accordance  with  the  recommendation  at  foot  of  page  228. 

On  board  the  s.a  " British  Crown''  about  830  P.M.  June  22nd, 
1880,  the  following  observations  were  made  to  determine  ship's 
position. 

B.     M.     8. 

Chron.  11  16  50  obs.  alt  ♦Altair    14*  43j' bearing  S.  88^  E  trua  Eye  32  feet 
11  24  21    „      „    *  Polaris  42  15  „      N.  1    K    ,, 

1130  49    „      „    *  Regulus  22  18j        „      S.86JW.  „ 

Position  by  account,  Lat.  43°  20'  N.  Longitude  43°  24'  W. 
No  index  error.  Chron.  slow  of  G.M.T.  4m.  00s.  Ship  making 
S.  58°  W.  (true)  11  knots.  Polaris,  when  worked  out,  gives  tho 
latitude  as  43°  23f  N. 


)} 


}} 


»» 


}> 


n 
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Example  L    *  Alt  air. 


Time  by  chronometer 
Slow 


11  16  50 
+    4  00 


O.M.T 11  20  50 

Sidereal  time  at  G.M.  noon  6    411 

Acceleration  for  llh.  21m +    1  52 


Sidereal  time  at  Greenwich 


H.    M.    9, 

17  26  53 


•  '8  obsenred  altitude 
Table  XV.  of  None 

•  '8  true  altitude.. 


..     14  43| 


..     14  864 


•  's  Declination 

•'s  Polar  distance 
Ship's  latitude 


00 


8  33i  N. 


81  26|....  Cosecant 
43  24^.... Secant 


•  'b  altitude 14  85i    /  (:o^ine 


139  26i 

Halfenm 69  43  J  / 

Remainder 55  08    ^ 


Sine 


000196 
018S78 
9-53982 
9-91407 

9-59753 


•  '8  Hour  angle 
•'a  Right  Ascension 

Sidereal  Time  at  Ship    .. 
Sidereal  Time  at  ar<>enwich 

Longitude  in  time 


II.  M.  s. 

6  11  54  K.  =  true  azimuth  S.  88*  E..  by  Burdwood. 
19  44  59  page  858,  N.A. 

14  33  05 
17  26  53 

H.M.  S 

2  53  48  =  43*  27    W. 


Same  Sight  worked  with  Latitude  40'  in  Error. 


81  2H} 
44  04 i 
14  36^ 

140  6i 

70  Si 
56  28 


0-00486 
0-14302 
9  53202 
9-9l5«2 

•  69722 

II  M  S. 

6  11  46  E. 


REGULUS  NJEAR  THE  PRIME  VERTICAL.  297 

Here,  notwithstanding  that  Altair  is  2*"  from  the  Prime  Verticaly 
the  large  error  of  40'  in  the  latitude  only  produces  a  difference 
of  8&  in  the  hour  angle,   or   2'  in   the  longitude.     It  will  be 
noticed  that  the  main  feature  wherein  this  example  differs  from  ^ 
the  sun  is,  that  the  Sidereal  Time  at  Oreenvnck  is  compared 
with  the  Sidereal   Time  at  Ship,     The   Declination   and  Right  Dadinatloni 
Ascension  are  taken  out  direct  from  the  N. A.  urUhout  the  necessity  reqvin  bo 
for  the  smallest   correction — another    advantage    over    the   sun.  ??5!?**"* '"' 
When  the  hour  angle  is  east,  subtract  it  from  the  «'s  Right 
Ascension,  which  will  give  the  Right  Ascension  of  the  Meridian, 
or,  in  other  words,  the  Sidereal  Time  at  Ship. 

Example  XL —  *  Regulua 


U.  M.  s. 

Time  by  chronometer 1180  49 

Slow +    4  00 


aM.T.          ..        ..  U  84  49 

Sidereal  time  at  G.M.  noon..  6    4  11 

Acceleration  for  lib.  85m +154 

Sidereal  Tfane'at  Greenwich         ..  17  40  64 


90 
•*B  Declination 12  88  N. 


•*Bobe.alt.  tt  18| 

Table  XV.  of  Norie        -    ^ 

•'■true  alt  STlOf 


4's  Polar  distance  ..        ..    77  27       ....  Coeeoant O-OlOfiO 

Ship's  Utitade          ..        ..    48  28}  ....Secant        ..        ..        ..  0-1S868 

•'s  altitude 22  10}     ^^  Ckwine         9*60129 

l^oT  lysine g-STWi 

Halfimm         71  80}/)  £222- 

Bemainder 49  19f  ^ 

#'eHonr  angle  4  44  60  W.  =  tme  admnth,  S.  88|  W.,  by  Bnidwood. 

•'B  Bight  Aaoension  ..    10   2    1    Page  388,  ^.ii. 

Sidereal  Time  at  ship      . .    14  46  67 
Sidereal  Time  at  Greenwich  17  40  64 


Longitadeintime  .,  2  68  67     =s     45  29iW. 

Correction  for  run  between  sights  -    8 

Longitade  corresponding  to  that  by  Altair   48*26^  W. 

Sake  Sight  wobked  with  Latitude  W  iv  Ebbob. 

h  27  0-01060 
44  8i  0*14846 
22  lOi  9*49866 
9*88210 


148  41 


9*62972 

H.  M.  & 
4  44  41  W. 


The  hour  angle  being  west,  is  added  to  the  «'s  Right  Ascension 
to  procure  the  Sidereal  Time  at  Ship. 

Regulus  being  further  from  the  Prime  Vertical  than  Altair,  the 
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BOTteMat 


jiMtiiodor 


error  in  the  hour  angle  is  of  coarse  greater.  Still  it  is  noi  lmrge» 
amoanting  only  to  15sl,  or  3|'  of  longitude  for  an  error  of  4C  in 
the  latitude. 

The  difference  in  the  longitude  of  the  ship  as  given  by  Altair 
and  Regulus  (the  one  east  and  the  other  west  of  the  meridian) 
is  only  Of',  proving  the  practicability  of  getting  first-dass  results 
from  star  observations  when  made  at  the  right  time  and  in 
the  proper  manner. 

Advice  to  Beoinxebs. — Do  not  despidr  because  your  first 
efforts  are  unattended  with  particularly  good  results.  PERSE- 
VERE. "Rome  was  not  built  in  a  day."  Practice  in  fine 
weather,  so  as  to  gain  confidence,  and  feel  perfectly  at  home  with 
the  work  in  case  of  requiring  its  aid  in  had  weather,  or  on  an 
emergency.  If  you  do  this,  you  will  soon  get  out  of  conceit  with 
the  sun. 

Morning  sights,  as  a  rule,  are  only  partially  calculated  pending 
the  determination  at  noon  of  the  true  latitude,  which  of  course 
is  referred  back  to  the  time  of  observation  by  the  course  and 
distance  made  in  the  interval;  but  Mr.  A-  C.  Johnson,  in  his 


i^^teaa  valuable  pamphlet  already  alluded  to,  shews  how  the  sights  can 

•nor  In  tiM     ^i  ^y^^  \^  worked  out  in  full  with  the  latitude  by  account  and 

workad  witb.  afterwards  corrected  by  Table  I.  for  any  error  in  the  latitude 

worked  with.     The  plan  is  so  simple  and  convenient  that  an 

example  is  given. 

About  9*45  A.M.  on  board  the  s.s.  "British  Crown"  July  7th, 
1880,  took  following  observation  for  longituda  Eye  28  feet 
Chronometer  slow  of  G.M.T.,  4m.  3s.  Position  by  account — 
latitude  39°  5 If  N.,  and  longitude  53''  1'  W.  Ship  making 
east  (true)  12  knots. 


Chronometer  time 
Slow 

1  18  37 

+     43 

ObM^rreda 

Cosecant 

Secant  ..         •• 
^Co«ine  .. 
^Sine 

Jtitode        ..    0    M  44^ 

+  10 

Corrected  Equation  of  Time. . 

1  22  40 
—    4  42 

-0-    «P64J' 

Greenwich  Apparent  Time    . . 

1  17  68 

Corrected  declination 

P.  D. 

Latitude  by  account    . . 
Altitude  .. 

.      1 
90 

22  311 

67  28\ 
39  6li 
56  M^ 

..     0-03447 
..     011482 
..     913722 

164  14    fl 

•  •     9*62932 

Half  mm.. 
Remainder 

m 

8.  r// 

25  12^ 

8-91583 
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0  *8  Hoar  angle 


H«  M.  8. 

2  IS  26  =  trae  azimnth  S.  68*  E.  nearly,  by  Bardwood. 


Apparent  Time  at  Ship    . .      0  46  84 
Apparent  Time  at  Greenwich  18  17  68 


•   ' 


Longitade  in  time  .. 


8  81  24  =  62  51    W.  at  sights. 

—  84}  for  mn  till  noon. 


Longitude  by  sight 
Latitude  by  account 


62*  16}'  W.  brought  up  till  noon. 
89*  61^'  N.  brought  up  tih  noon. 


At  noon  the  true  latitude  was  found  to  be  39"  41'  N.,  or  lOJ'  S. 
of  that  by  account.  By  Table  L,  the  error  of  longitude  due  to 
an  error  of  1'  in  the  latitude  is  0'-52,  which,  multiplied  by  10'*2, 
gives  oj',  to  be  applied  as  a  correction  to  the  above  longitude. 
We  have,  therefore,  for  the  true  position  at  noon,  latitude 
39°  4r  N.,  and  longitude  52"  21  f  W. 

Johnson  gives  a  very  ingenious,  and  at  the  same  time  simple,  J<*Moa*« 
method  of  determining  whether  the  correction  is  to  be  added  or  applying  tbo 
subtracted*     The  plan  adopted  by  the  writer,  being  based  upon  <'*"««tt««*- 
a  graphic  representation  of  the  problem,  is  more  instructive,  and 
on  that  account  to  be  preferred.     Here  it  is.  *  Imagine  a  line 
through  the  ship's  position  on  the  chart,  drawn  at  right  angles 
to  the  bearing  of  the  sun,  thus: — 


For  the  reasons  why  the   H^^^O*  m** 
ship  may  be  conceived  to  be   ^  writer  for 
on  a  line  at  right  angles  to   ••""•PlirPOia 
the  sun's  bearing,  see  next 
chapter,  where  the  subject  is 
fully  explained. 


o 


To  make  the  case  as  plain  as  possible,  let  the  sun  be  supposed 
to  bear  S.K  Then  the  line  will  run  N.E.  and  S.W.,  as  above. 
Let  the  point  S.  in  the  diagram  represent  the  position  of  the  ship 
as  determined  by  sights  worked  with  the  latitude  by  account.  If 
this  turn  out  to  be  wrong,  and  the  true  latitude  be  further  nortb^ 
say  at  s^  the  diagram  shews,  when  (his  latitude  is  pricked  oiS*  on 
the  line,  that  the  true  longitude  is  more  to  the  eastward.  If, 
however,  the  true  latitude  be  south  of  the  latitude  by  account. 


•  See  page  824. 
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say  at  s'',  then  the  longitude  is  thrown  to  the  westward.  This  can 
easily  be  done  mentally.  The  plan  holds  good  for  a  bearing  in 
any  quadrant  of  the  compass. 

Let  us  suppose  another  case,  where  the  celestial  object  bears 
N.K     Then  the  imaginary  line  would  run  N.W.  and  S-El,  thus  :— 


DUigram 
■hewliiflr 
advantage  of 
obMiratloiM 
on  the  Prlmt 
Vortioal. 


In  this  case,  if  the  actual  latitude  be  south  of  the  one  worked 
with,  as  at  s",  the  longitude  will  be  thrown  to  the  eastward,  but 
if  north,  it  will  be  thrown  to  the  westward ;  just  the  reverse  of 
the  preceding  example.  The  reader  can  test  for  himself  the  effect 
in  the  other  two  quadrants. 

We  will  now  imagine  the  sun  to  bear  east,  and  see  what  effect 
is  produced  on  the  longitude  by  an  error  in  the  latitude, 

yorth 


o 


South 


Evidently  there  is  no  effect  ut  all,  as  in  this  case  the  imaginary 
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line  ruus  north  and  south.  Hence  the  advantage  of  taking  sights 
for  longitude  when  the  celestial*  object  is  on  the  Prime  Vertical, 
(ts  a  considerable  error  in  the  latitude  has  no  effect  on  the  result 
There  is,  however,  a  limit  to  this  use  of  an  indiscriminate  latitude, 
which  will  be  fully  explained  in  the  next  chapter.  In  the  mean- 
time, one  more  illustration. 

Let  the  sun  be  supposed  to  bear  S.  by  E.     What  eflFect  will  then 
be  produced  on  the  longitude  by  an  error  in  the  latitude  ? 

r 

Diagram 
■hewing  dls- 

advantage  of 

TV*  olMom.  for 

time  near  the 
meridian. 


o 


It  will  now  be  evident  that  a  small  error  in  the  latitude  will 
produce  a  very  large  one  in  the  longitude ;  shewing  the  impro^ 
priety  of  taking  sights  for  Time  when  the  hearing  of  the  object  is 
near  the  North  or  South  points. 

When  applying  the  correction  to  the  longitude  by  the  mental 
process,  it  is  always  well  to  imagine  the  sun  or  star  to  have  a 
four-point  bearing,  such  as  S.W.,  N.W.,  N.R,  or  S.E.,  although 
the  actual  bearing  may  be  quite  near  to  one  of  the  cardinal  points. 
This  exaggeration  of  the  case  puts  more  forcibly  to  the  mind  the 
direction  in  which  the  correction  is  to  be  applied;  but  until 
thoroughly  proficient,  it  is  certainly  advisable  to  draw  the  lines 
roughly  on  a  slip  of  paper.  A  little  practice,  however,  will  soon 
do  away  with  the  necessity  for  even  this. 

It  may  here  be  remarked,  in  parenthesis,  that  when  looking  at  Proper  way 
a  chart,  for  any  purpose  whatsoever,  it  should  be  laid  on  the  table  ^  <£2t  * 
w^Lth  the  north  side  from  you.  The  mind  thus  acquires  a  fixed 
habit  of  considering  the  positions  of  places  with  regard  to  their 
true  bearings  from  each  other.  Some  men,  on  the  contrary,  if 
sailing  south  for  example,  turn  the  chart  with  the  north  side  to 
them,  so  as  more  readily  (?)  to  lay  off  bearings,  &c  But  this 
twisting  and  turning  of  the  chart  according  to  the  course  steered 
is  not  to  be  recommended,  and  conveys  an  unstable  idea  of 
geographical  position. 
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tadM  Mt  fM.  There  is  one  other  mode  of  finding  the  longitude  by  chrono- 
meter, which,  from  its  extreme  simplicity  and  the  few  fibres 
required,  is  very  alluring.  Unfortunately  for  everyone,  it  is 
restricted  in  its  application,  and  the  results  cannot  be  depended 
upon  as  more  than  roughly  approximate.  The  method  referred 
to  is  that  of  Equal  Altitudes  taken  a  few  minutes  before  and  after 
noon. 

If  the  course  in  the  interval  be  east  or  west,  or  the  vessel 
be  stationary,  and  the  altitude  not  under  75°,  the  longitude  will 
probably  be  somewhere  near  the  truth,  so  that  sailing  ships 
lying  becfUmed  near  the  line  may  find  it  convenient ;  but  if  the 
course  be  towards  the  north  or  south,  and  the  vessel's  speed  at  all 
considerable,  there  will  be  a  large  error  due  to  the  observer's 
change  of  latitude  unless  it  is  allowed  for :  this,  however,  is  easily 
done  as  follows : — 

Ascertain  by  the  Traverse  Tables  the  difference  of  latitude 
which  will  be  made  good  between  sights,  and  add  this  to,  or 
subtract  it  from,  the  observed  forenoon  altitude,  according  as  to 
whether  the  ship  has  sailed  towards  or  from  the  sun  in  the  inter- 
val Set  the  sextant  to  this  corrected  altitude,  and,  when  the  sun 
falls  to  it,  note  the  chronometer  time. 

Should  the  celestial  object  be  the  sun,  an  altitude  sufficiently 
great  cannot  be  obtained  in  high  latitudes,  and  in  low  ones  there 
are  generally  better  modes  available.  If  the  quantities  in  Table 
II.,  (pages  290,  291),  be  multiplied  by  4,  so  as  to  convert  them 
into  seconds  of  time,  it  will  be  seen  that,  even  in  moderately  high 
latitudes,  the  change  of  altitude  near  noon  is  very  slow.  Inversely, 
an  error  of  even  1'  in  the  altitude  means  a  large  error  in  the  time 
or  longitude.  For  these  and  other  reasons  the  method  of  "  Equal 
altitudes  at  sea  "  is  not  to  be  recommended.  It  may,  however,  be 
given  a  place  among  those  auxiliary  problems  which  science  places 
as  a  reserve,  but  which  should  only  be  resorted  to  when,  without 
them,  the  battle  would  be  hopelessly  lost. 

EoUforSqiua  Kule. 

AlUtudM  at  From  10  to  15  minutes  before  noon,  observe  the  sun's  altitude,  and  note  the 
time  by  chronometer.  When  the  sun  has  fallen  to  the  same  altitude  p.m., 
corrected  as  above  for  difl'erence  of  latitude  made  good  in  the  interval,  again 
note  the  time  by  same  chronometer ;  the  mean  or  half  sum  of  these  timea» 
when  corrected  for  the  chronometer  error,  will  be  the  Mean  Time  at  Greenwich 
corresponding  to  Apparent  Noon  at  Ship.  Reduce  the  Greenwich  Mean  Time 
to  Greenwich  Apparent  Time,  by  adding  or  subtracting  the  Equation,  accord- 
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ing  to  the  precept  at  head  of  page  IL  of  the  Nautical  Almanac  If  the 
longitude  be  west,  the  Greenwich  Apparent  Time  turned  into  arc  will  be  the 
longitude ;  but  if  it  be  east,  subtract  the  G.A.T.  from  12  hours,  and  then  turn 
it  intoara 

Example  L 

Ship  stationary,  or  steering  either  East  or  West  (true). 

August  3rd,  1881.    Observed  altitude,  ®.  80°  in  West  Longituda 

H.  M.  S. 

Time  by  chronometer       8    2  10  at  a.m.  altitude. 

Time  by  chronometer       3  14  20  at  p.m.  altitude. 

6  16  80 

Middletime 8    8  15 

Chronom.  slowof  G.M.T.  ..        ..        ..  +      4  17 

Greenwich  Mean  Time 8  12  88 

Corrected  Equation  of  Time       ..        ..  -      6  65  Page  II.*  N.A. 

H.  M.  s. 
Longitude  in  time 8    6  37  =  46*  89^' W.  at  Noon. 

Example  II. 
Where  ship  has  changed  her  Latitude  between  sight& 

August  3rd,  1881. — In  east  longitude,  and  about  latitude  4°  10'  N.,  the  eye 
being  elevated  22  feet,  the  altitude  of  ©  was  observed  to  be  76**  OC  (rising), 
when  a  chronometer  which  was  10m.  20s.  fast  of  G.M.T.  shewed  8h.  30m.  428. 
A.M.  at  Greenwich  same  date.  After  a  lapse  of  half  an  hour,  during  which 
time  the  ship  had  made  good  N.  33°  E.  (true)  6  knots,  the  sun  was  observed 
to  be  approaching  the  same  altitude.  After  taking  oiit  the  difference  of 
latitude  (5')  due  to  this  course  and  distance,  the  Sextant  was  set  to  76**  b\ 
and  when  the  ^  had  dropped  to  this  altitude  the  same  chronometer  shewed 
9h.  Im.  18s.    Required  the  latitude  and  longitude  at  noon. 

NoT£: — As  the  ship  had  been  sailing  totoards  the  sun  in  the  interval 
between  sights,  the  difference  of  latitude  made  good  had  to  be  added  to  the 
first  or  forenoon  altitude. 

n.  M.   s. 
Timeby  chronometer  at  A.M.  observation  ..    8   80   42    ..    ..    ©TITO* 
Time  by  chronometer  at  P.M.  „         ..    9   01   18    ..    ..  ^76*6^ 

17    82    00 

Middle  time  by  chronometer 8   46   00 

Chronometer  fast  of  O.M.T. -     10   80 

Greenwich  Mean  Time     8   85    40 

Corrected  Kqoation  of  Time -      6   66  Page  II.,  N.A. 

Greenwich  Apparent  Time     8   29   44 

Apparent  Time  at  Ship  =  noon,  or      ..    ..  12   00   00  Corresponding  to  middle 

time  by  chronometer. 

H.  M.    s. 

Longitude  in  time 88016  «62' 84' Rait  at  Noon. 

Latitude  at  noon  «  4'  124'  North.  — 

Do  not  abuse  this  method  by  using  it  at  improper  tvmea,  and 


304  VSE  OF  LOG-GLASS  FOB  SIGHT-TAKING. 


he  sure  that  both  ohaervationa  are  made  with  eye  at  same  height 
above  the  eea-Ievel. 

In  sight-taking,  should  an  assistant  not  be  available  to  note 
the  chronometer  time,  the  observer  himself  can  veiy  well  manage 
with  the  aid  of  a  28s.  log-glass.  Turn  the  glass  when  the  altitude 
is  taken,  walk  to  the  chronometer  and  note  the  time  when  the 
sand  has  run  out:  from  this  subtract  the  running  time  of  the 
glass  to  get  the  correct  instant  of  observation.     Test  the  glass. 


CHAPTER  IX. 

"SUMNER      LINES." 

This  and  the  following  chapter  are  probably  the  most  important 
in  the  book,  as  explaining  and  illustrating  the  geometrical  process 
— underlying  the  calculation  by  logarithms  which  is  performed 
every  day  by  the  practical  navigator,  but  the  meaning  of  which 
he  has  very  often  no  conception  of  whatever.     He  only  knows  Tiw  pHnefpfe 
that  by  certain  arithmetical  formulsB  (learnt  oiff  like  a  pan'ot)  Stag  mSS 
certain  results  are  produced,  but  how,  is  a  mystery.     Let  us  open  •*o«i.  <»•  i« 
the  pages  of  this  sealed  book,  by  which  the  navigator  may  learn  ^  memorj 
to  reason  for  himself,  instead  of  trusting  entirely  to  rules  which,  ***  ^^  "**•■• 
when  forgotten,  leave  him  adrift  on  his  beam  ends. 

In  the  present  chapter  it  is  proposed  to  shew  to  what  extent  a 
single  altitude  of  a  heavenly  body  (say  the  sun)  will  reveal  the 
whereabouts  of  a  ship,  the  latitude  being  completely/  unknoum,  and 
how,  when  combined  with  certain  non-astronomical  data,  it  may 
be  made  to  give  her  actual  position. 

It  is  of  course  assumed  that  the  correct  Greenwich  Time  is 
obtainable  by  means  of  chronometers. 

We  have  already  seen  that  a  single  altitude  on  the  Meridiem 
will  give  the  Latitude  with  but  trifling  calculation;  and  that 
a  single  altitude  on  tJie  Prime  Vertical  will  give  the  Longitude, 
even  though  the  latitude  be  but  imperfectly  known.  It  remains 
to  shew  more  particularly  why  this  is  so,  and  also,  by  using  the 
latitude  by  dead  reckoning,  what  information  is  to  be  derived 
from  a  celestial  body  which  occupies  neither  the  one  nor  the  other 
of  these  important  positions. 

By  way  of  the  simplest  illustration,  imagine  an  ordinary  flag-  muferatimiof 
staff"  in  a  park,  and  let  its  base — ^f rom  the  ground  to  the  height  of  ^^J?^  ^ 
the  eye — ^be  painted  a  different  colour  from  the  rest.    Let  our  Aitttodt." 
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ezperimentalist  lay  off,  in  any  direction  from  it,  a  distance  of  say 
100  yards,  and  having  marked  the  spot  by  a  stake,  measure  with 
the  sextant  the  angolar  altitude  of  the  flagstaff  from  its  truck  to 
the  paint-stroke. 

Suppose  this  to  be  25^  Now  let  him  go  to  any  number  of 
positions  round  about  the  flagstaff,  approaching  or  receding  from 
it,  until  in  every  case  the  same  angle  (25°)  is  obtained.  At  each 
such  spot  plant  a  staka  Connect  these  various  points  by  some 
"  snudl-stuff "  and  if  they  are  sufficiently  close  together,  a  circle 
will  be  formed,  every  part  of  which  will  be  exactly  the  same 
distance  from  the  flagstaff  in  its  centra  It  is  evident  that  an 
observer  getting  an  angle  of  25°  must  be  somewhere  on  this  circle, 
which  accordingly  may  be  termed  "  a  circle  of  eqxKil  altitude  ;  " 
since,  if  the  angle  be  greater,  he  will  be  within  it,  and  nearer  to 
the  flagstaff;  whilst  if  the  angle  be  leas,  he  will  be  outside  of  it, 
and  further  from  the  flagstaff 

Now,  conceive  a  number  of  such  circles  to  be  described  at 
various  distances  from  the  flagstaff  If  furnished  with  a  set  of 
tables  gi\ang  the  distance  of  each  from  the  flagstaff,  and  its 
corresponding  angle,  the  observer,  on  measuring  such  an  angle  at 
any  point,  will  only  know  that  he  is  aomervhere  on  a  circle,  at  a 
definite  distance  from  the  flagstaff.  Thus,  if  the  angle  obtained 
were  8'  50',  reference  to  the  tables  would  merely  tell  him  that  he 
was  on  a  circle  every  point  of  which  was  300  yards  distant  from 
the  flagstaff;  but  if  this  latter  and  the  circles  were  enclosed  by  a 
very  high  wall,  which  shut  out  from  view  all  external  objects,  he 
could  not  possibly  tell  his  position  on  that  circle  with  regard  to 
those  external  objects.  He  might  just  as  likely  be  at  the  point 
marked  C  in  the  diagram  as  at  ^  or  B,  If  he  wished  to  go  to 
any  particular  place  in  the  park  outside  the  wall — say  to  the 
house  at  /),  or  to  the  fi.sh-pond  at  E — he  would  not  know  in 
which  direction  to  shape  his  course,  or  by  which  door  to  go  out. 
Ctrdsof  Let  it  be  supposed,  however,  that  the  surface  of  the  ground 

JJJJIJ^Stad.  ^^^^^  about  the  flagstaff  varies  very  much  in  character — that  in 
one  direction  it  consists  of  clay,  in  another  of  shells,  in  another  of 
sand,  and  so  on ;  and  that,  in  addition  to  his  set  of  tables,  tlie 
observer  is  provided  with  a  plan  of  the  park,  shewing  the  flagstaff 
and  this  peculiarity  of  the  ground  in  its  vicinity.  So  aided,  he 
would  at  once  be  able  to  tell  by  the  amjle  whieh  of  the  circles  he 
belonged  to,  and  by  the  nature  of  the  ijvound  under  his  feet  what 
particular  part  of  it  he  was  on,  and,  conseijuently,  his  position 
relative  to  the  invisible  objects  outside  the  wall. 
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Now  this  is  pretty  much  what  can  be  done  on  board  ship  by 
substituting  the  Sun  for  the  truck  of  the  flagstaff,  the  Horizon 
for  the  paint-stroke,  the  Epitome  and  Nautical  Almanac  for  the 
tables,  a  Chart  for  the  plan  of  the  park,  and  Soundings  for  the 
surface  peculiarities  of  the  ground. 

Next  come  the  various  astronomical  facts  for  which  the  fore- 
going simile  is  intended  to  pave  the  way. 

At  any  given  instant  of  time  the  sun  is  vertically  above — or,  as  CHida  of 
it  is  termed,  in  the  zenith  of — some  point  on  the  earth's  surface, 
and  its  rays  directly  illumine  that  half  of  the  globe  nearest  to  it, 
the  other  half  being  in  darkness,  more  or  less  complete,  according 
to  circumstances.  To  avoid  complications,  imagine  for  the  time 
being  the  earth  to  be  arrested  in  its  motion,  so  that  the  sun 
remains  steady  over  one  particular  spot.  At  this  spot  an  observer 
with  a  sextant  would  find  the  true  altitude  of  the  sun's  centre  to 
be  90^  and  being  therefore  exactly  overhead,  upright  objects 
would  throw  no  shadow.  On  the  other  hand,  if  the  observer 
were  situated  on  any  part  of  the  Great  Circle*  separating  the 
dark  from  the  enlightened  half  of  the  globe,  the  sun  would  be  on 
his  horizon,  and  its  altitude  would  be  0**.  These  represent  the 
two  extreme  cases.  We  have  more  especially  to  deal  with  the 
first  and  intermediate  ones. 

If  the  Latitude  and  Longitude  of  the  sun  were  known,t  the 
Latitude  and  Longitude  of  the  spot  over  which  it  was  vertical 
would  also  be  known,  and  idee  versd.  Now,  with  the  Nautical 
Almanac  it  is  very  easy  to  find  the  sun's  position  in  the  heavens 
at  any  given  moment,  and  if  it  were  possible  to  drop  a  plumb-liue 
from  it  to  the  earth's  surface,  the  latitude  and  longitude  of  the 
point  of  contact  would  correspond  with  that  of  the  sun. 

If,  however,  an  observer  were  so  situated  that,  instead  of  getting  qj^^j,  ^ 
90°  as  the  sun's  true  altitude,  he  found  it  to  be  only  89^  his  posi-  ^™^ 
tion  would  then  be  uncertain,  since  he  would  only  be  aomeuuhere 
on  the  circumference  of  a  "  small  circle,"  the  centre  of  which  would 
be  the  spot  where  the  sun  was  vertical  at  the  instant  of  observa- 
tion.    The  radios  of  this  circle  would  be  equal  to  the  sun's  zenith 


*  This  18  sometimei  called  ^  The  Circle  of  niamination.*' 

t  These  terms,  as  here  applied,  are  not  used  in  their  cdestial  sense,  since  the 
lonffUude  of  a  celestial  object  is  measured  on  the  EeUpUc  from  the  first  point  of  Aries, 
and  the  latitude  is  measured /nmi  the  Ediptic  towards  its  poles.  These  terms  being 
utterly  at  variance  with  their  terrettrial  signification,  where  latitude  is  measured  on 
a  meridian  and  longitude  on  the  Equator,  are  apt  to  cause  much  confusion,  and  should 
be  abolished  by  conmion  consent. 
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distance,  which,  in  the  case  just  cited,  is  1".     As  the  observer  I 
shifts  his  position  away  from  the  son,  it^  distance  from  his  zenitb  | 
will  of  course  become  greater,  and  his  "Circle  of  equal  altitud©* 
proportionately  larger,  thus  rendering  his  whereabouts  more  and  1 
more  uncertain. 

It  will  be  seen,  therefore,  that,  so  far,  the  observer  can  only  be  ' 
sure  of  his  precise  position  when  the  sun  happens  to  be  exactly  in 
his  zenith ;  at  other  times  it  is  indefinite,  and  becomes  more  so 
the  greater  his  distance  from  the  sun,     P'rom  a  consideration  of  j 
the  foregoing,  "a  Circle  of  equal  altitude"  may  also  be  deajg-'J 
nated  "  a  Circle  of  position." 
^^         To  find  the  place  on  the  chart  over  which  the  sun  is  vertical  at'fl 
8nn  ix  my     1  given  Greenwich  time,  is  very  easy,  when  you  hiout  how.     Since 
ginu  laitant.  j.j,g  earth  revolves  steadily  on  its  axis,  any  place  whose  latitudfiJ 
happens  to  be  the  same  as  the  declination  of  the  sun  at  the  instanfc.l 
of  its  meridian  passage,  must  of  necessity  have  the  sun  vertical  afe  I 
noon  ;  and  as  Greenwich  Apparent  Time  is  equal  to  the  sun's  hour  f 
angle — or,  in  other  words,  to  its  meridian  distance  from  Qreda^-fl 
wich — the   required  longitude  is  found  by  simply  turning  th«  T 
Greenwich  Apparent  Time  into  arc  by  Table  XIX  of  Norie. 

Briefly,  therefore,  the  sun's  decliuation  (corrected  for  the  given  I 
Greenwich  time)  is  equal  to  the  latitude  of  the  place ;  and  the- 1 
Greenwich  Apparent  Time  is  equal  to  the  longitude  in  time,  wliidi  ' 
ia  always  to  be  reckoned  towards  the  west,  since  the  sun  moves  in 
that  direction. 

To  project  this  on  the  chart  ia  easy  enough  in  theory,  but  not  so 
easy  in  practice.  Suppose  "  a  Circle  of  position  "  ia  required  to  b« 
drawn  with  the  following  data : —  I 

March  7th,  1880,  at  ih.  Hm.  3-8S.,  G.M.T.,  an  observer,  who  was  in  com- 
plete ignorance  of  his  position,  foumt  the  euu'a  true  altitude  to  be  60*.  T» 
what  extent  would  tliia  enlighten  him  1 


'*  wloa. 


™.lcl.A|)l-«Btj  i„aoi.=L«w.l6-W 


•  Comcted  dMUDBtlan 


Prick  off  a  point  in  4'  59i'  South  and  15"  West  (see   CAardtf  ] 
No.   1).     Here  the  sun  will  be  vertical  at  the  Greenwich  time 
specified.     Subtract  the  observed  true  altitude  (50°)  from  90*. 
which  will  give  40'  for  the  distance  of  the  sun  from  the  zenith  of 
the  observer.     Take  this  amount  in  the  dividers,  and.  with  the 
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above   position   as  a  centre,  describe  a  circle.     There  will  now  wiiat  a  drola 
be   no  difficulty  in  understanding  that  for   all  ships   on  this  JJuSde 
circle — no  matter  what  part  of  it — the  sun  would  have  an  altitude  teadhei. 
of  50".     Each  master  would  know  that  he  was  somewhere  on  this 
particular  circle — neither  inside  nor  outside  it,  but  on  it.     Ex- 
cepting the  certainty  that  his  ship  was  not  on  the  land  portion  of 
it,  this,  however,  is  all  he  would  know,  unless  aided  in  some  way 
yet  to  be  described  ;  and  reference  to  the  chartlet  will  shew  that 
the  circle  covers  a  goodly  portion  of  the  globe,  leaving  him  plenty 
of  room  to  guess. 

Place  him,  however,  in  the  ordinary  circumstances  of  the  navi- 
gator, and  give  him  his  latitude  by  account  Then,  by  laying  this 
off  on  the  circle,  he  would  get  an  approadmcUe  position ;  but  such 
knowledge  is  not  always  sufficient  where  the  navigation  is  intri- 
cate ;  nevertheless,  poor  as  it  is,  it  may  sometimes  he  used  to  great 
advantage,  as  will  be  shewn  further  on. 

The  individual  in  the  park  determined  his  whereabouts  on  the  Posltioii  on 
circle  by  the  character  of  the  ground,  and,  similarly,  it  is  often  ^Sd  tor*^ 
possible  for  the  navigator  to  fix  the  ship's  position  on  it  by  the  Boundinff. 
depth  of  water  and  charactei^  of  the  bottom.     Bear  this  in  mind, 
as  it  is  important. 

Passing  by  other  methods  for  the  present,  the  reader's  attention  On  Obart, 
is  invited  to  sundry  striking  points  developed  by  the  subject.   On  ^J^J,^ 
scrutinizing  Chartlet^  Nos.  1  and  2  more  closely,  it  will  be  seen  appear  u 
that  the  so-called  "  Circles  of  position  "  are  not  fairly  entitled  to  ©Yai*. 
the  name — that,  in  fact,  they  are  irregular  ovals,  and  not  true 
circlea 

It  will  be  remembered  that  it  is  stated  in  the  chapter  on  Charts, 
that  Mercator's  projection  gives  a  distorted  representation  of  the 
earth's  surface,  and  here  we  have  another  proof  of  it.  Owing  to 
the  degrees  of  latitude  being  extravagantly  drawn  out  as  the 
Poles  are  approached,  a  true  circle,  when  shewn  correctly  on  a 
Mercator's  chart,  is  made  to  assume  a  somewhat  elliptical  form, 
having  its  longer  axis  in  a  noi-th  and  south  direction.  This  feature  How  to  dntw 
makes  the  drawing  of  the  circle  in  actual  practice  a  matter  of  some  ohart. 
difficulty.  The  usual  way  of  arriving  at  it,  is  to  calculate  a  num- 
ber of  longitudes  from  one  sight,  retaining  in  each  case  the  same 
Polar  distance  and  Altitude,  but  changing  the  Latitudes  by  suitable 
quantities,  say  5^  where  the  scale  of  the  chart  is  small.  As  a 
check  against  using  an  impossible  latitude  in  the  computation,  it 
is  as  well  to  know  that  in  the  chronometer  problem,  the  sum  of 
the  Polar  distance.  Latitude,  and  Altitude  cannot  exceed  ISO''. 
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In  practice 
dnwoDnt- 
plaUdicIo. 


SLould  the  addition  shew  an  excess,  it  proves  that  the  compatef 
made  choice  of  too  high  a  latitude,  and  he  must  reduce  it  accord- 
ingly. 

When  tlie  cwm  is  exaHly  eqital  to  180".  it  shews  the  polar  limit  of 
the  latitude,  UB  the  body  in  such  a  case  is  on  the  meridian.  When  m 
sufficient  number  of  points  have  been  thus  determined,  they  caa 
be  pricked  off  on  the  chart,  and  connected  by  a  free  curve  drawn 
with  a  pliable  ruler,  which  will  ^ve  the  figure  with  tolerable 
exactness,  and  when  so  drawn,  it  may  be  termed  "  a  Curve  of 
position,"  or  "  Curve  of  equal  altitude."  This,  however,  would  be  ■ 
endless  work,  and  totally  unauited  to  the  wants  of  the  stulor. , 
Happily  it  is  not  required. 

When  the  sun  passes  nearly  overhead,  the  Circle  of  poffltioD  is 
small,  aud  aa  tho  observer  approaches  the  sun  it  becomes  yet 
smaller ;  until  finally,  when  he  has  it  in  its  zenith,  it  vanishes  in 
point,  and  this  point,  as  already  stated,  represents  his  position  Otti 
tho  globe.  Conversely,  as  the  observer  recedes  from  the  suo,  the; 
circle  becomes  larger,  and  this  brings  us  to  a  feature  of  tho  vef^i 
highest  importance. 

Ckartlet  No.  2  ahewa  that  when  t}te  circle  ia  large,  small  porticmsj 
of  it  (say  an  arc  of  30'  or  40*)  may  be  treated  as  a  straight  Unmi 
without  deviating  much  from  the  truth ;  and  the  larger  the  cirda, 
the  nearer  any  part  of  its  circumference  approaches  to  this  con- 
dition. This  will  be  apparent  by  contrasting  C'/utrtleti  A'os,  1  and 
2,  which  have  straight  lines  drawn  on  four  of  their  sidca  We  see 
that  in  Charllet  No.  2,  where  the  circle  is  large,  the  straight  line 
touching  it  coincides  for  a  much  greater  distance  with  the  cir- 
cumference, and  this  would  bo  even  more  marked  if  the  lurcle 
in  No.  1  were  say  half  the  size.  It  is  very  necessary  to  retain 
gooil  mental  grip  of  this  point,  as  it  plays  an  important  part  here- 
after. 

Now,  in  actual  practice,  the  navigator  always  knows  his  latitude 
'  within  half  a  degree  or  so,  and  it  is  therefore  quite  unuecessary 
to  draw  the  complete  circle  on  the  chart  He  only  requites  to 
draw  that  portion  of  it  which  is  included  between  a  position  say 
30'  North,  and  another  30'  South  of  his  latitude  by  D.R,  and  as 
explained  above  (when  the  circle  is  large),  this  included  arc  may 
safely  be  conaiilered  as  a  straight  line."  To  this  end  ho  merely 
works  his  chronometer  aight  twice  over ;  tho  first  time  with  a 
latitude  30'  in  excess,  and  the  second  time  with  a  latitude  SC  in 
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CHARTLKT  Na  2. 
Bmiday,  Much  7tli,  1880,  «t  Sh.  llm.  I'2s.  meui  timsatOreenwich,  an  obNrrer  in  the 


DonoBy,  maicn  aa,  locVf  «t  su,  iim.  f^a.  meui  iima  aluiwdwic 
tfaithflm  hcmuphan  roond  the  sun's  true  altitude  tabs  33°  17'  4G'. 


Greenwich  App.  Time 


-11    1-2, 

C    0    0-O=L(iagitude  76"  W. 


>'■  cotTccted  Declin.  «  &5  2S  a 

•  specified  the  son  was  rertical  to  a  spot  in  Lat.  4 
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defect  of  his  position  by  account.      The  two  resulting  longitudes, 

with  the  latitude  proper  to  each,  he  then  pricks  off  on  the  chart, 

and  connects  them  by  a  straight  line,  which  is  really  an  arc  of  the 

Circle  of  equal  altitude.    Unless  the  error  of  the  latitude  is  greater 

than  that  assumed,  the  ship  must  be  somewhere  on  this  "  Line  of 

position,"*  which,  for  convenience,  will  henceforth  in  these  pages 

be  termed  a  **  Sumner  line,"  after  the  American  seaman  who  first  Simmer Llnet. 

brought  this  useful  problem  prominently  to  the  notice  of  the 

profession. 

Having  got  so  far  in  the  knowledge  of  his  position,  if  some  kind 
friend  were  but  able  to  communicate  the  dctual  latitude,  it  would 
be  easy  to  prick  it  off  on  the  "  Sumner  line,"  and  the  ship's  place 
would  at  once  be  accurately  established. 

This  matter  of  the  "  Sumner  line "  leads  to  another  point  of 
immense  value.     If  we  take  any  portion  of  the  circumference  of 
the  circle,  and  consider  it  as  a  straight  line  (Sumner  line),  a  note- 
worthy fact  stands  revealed — the  importance  of  which  it  is  almost  Direotioiiof 
impossible  to  overrate — namely,  that  the  hearing  of  the  sun  is  invari-  ??°"^*'J^** 
ahli/  at  right  angles  to  this  line.     Conversely,  a  "  Sumner  line"  lies  right  angles 
at  right  angles  to  the  bearing  of  the  sun,  so  that  if  either  be  J^^*'*"*  ^ 
known  the  other  can  be  found. 

Among  other  things,  this  explains  why  noon  is  the  best  time  to 
obtain  the  latitude.  For  example,  when  the  sun  is  on  the  Meridian 
it  bears  either  north  or  south,  and  if  the  "  Circle  of  position  "  be 
then  drawn,  that  portion  of  the  circumference  at  right  angles  to 
these  bearings  (when  treated  as  a  straight,  line)  will  run  east  and 
west,  or,  in  other  words,  will  constitute  a  parallel  of  latitude,  upon 
which  the  observer  must  be  situated  (vide  Chartlets).  Again,  when  what  Simmer 
the  sun  is  on  the  Prime  Vertical,  it  bears  either  east  or  west,  and  "^^•*  ***^ 
is,  accordingly,  in  the  best  position  for  determining  the  longitude, 
since  an  observer  at  such  times  will  be  on  the  "  Sumner  line"  run- 
ning duo  north  and  south,  and,  therefore,  independent  of  his 
exact  latitude.     This  is  also  shewn  on  the  Chartlets. 

There  is,  however,  a  very  wide  difference  in  these  two  cases, 
which  it  may  be  as  well  to  refer  to.  If  the  sun  left  a  mark  on 
the  earth's  surface  as  it  moved  over  it  from  east  to  west,  the 
latitude  of  this  mark  would  everywhere  be  the  same,-(-  and  would 

*  As  before  stated,  the  Greenwich  Time  is  supposed  to  be  accurately  known,  other- 
wise the  line  will  be  moved  bodily  to  the  etutvfard  or  westtoard,  in  proportion  to  the 
amount  and  direction  of  the  error,  4s.  being  equal  to  1'  of  longitude.  The  latitude, 
however,  is  not  in  any  way  affected  by  an  error  in  the  Greenwich  Time. 

fThis  is  a  broad  statement,  as  no  account  is  taken  of  the  constant  change  in 
the  declination. 
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be  equal  to  the  declination,  and  therefore,  if  the  observer  but  knew 

his  distance  north  or  south  of  this  line,  he  would  know  his  latitude 

also.    That  is  easily  understood. 

Now,  as  the  meridian  altitude  subtracted  from  90"*  gives  the 

distance  from  the  sun,  and,  consequently,  from  the  mark,  the  rest 

is  the  simplest  kind  of  arithmetic. 

For  example,  let  the  sun's  declination  at  noon  be  20**  S.,  and 

the  observer's  zenith  40**  to  the  southward  of  the  sun,  then  his 
BowUUtaAB  latitude  will  be  20""  S.  plus  40»  S.,  equal  to  GC  S.  Or,  suppose  the 
Is  anlT^d  at.  observer  s  zenith  to  be  40°  north  of  the  sun ;  then,  as  the  sun  is  20* 

BOiUh  of  the  Exjuator,  and  the  observer  is  40''  to  the  north  of  the 

sun,  he  must  be  20''  north  of  the  Equator,  which  is  his  latitude. 

Now,  to  ascertain  the  longitude,  we  might  calculate  in  the  same 
way  if  we  only  had  a  second  sun  moving  round  us  from  north  to 
south,  but  we  have  not,  and  so  the  matter  needs  to  be  treated  in 
some  other  form. 

The  latitude,  as  already  seen,  may  be  obtained  by  dired  instru- 
mental measurement,  being  nothing  more  than  the  sun's  angular 
distance  from  the  obaerver^a  parallely  plus  or  minus  the  sun's  dis- 
tance from  the  Equator.  This  is  done  every  day  at  noon,  and  the 
operation  is  to  a  large  extent  independent  of  a  knowledge  of  the 
How  longitude.     In  ascertaining  the  latter,  the  distance  of  the  sun  is 

urSrodat.  taken /rom  the  observer's  Meridian;  but  excepting  in  the  one  par- 
ticular case,  when  the  observer  is  on  the  Equator,  and  tlie  declina- 
tion is  0"*,  this  is  not  susceptible  of  direct  measurement  In  this 
special  case,  the  sun  describes  a  "  Great  Circle  "  round  the  world, 
rising  due  east,  and  setting  due  west*  At  such  times  the 
Meridian  Distance  is  obtained  directly,  by  merely  subtracting  the 
true  altitude  from  90°,  and  turning  the  remainder  into  time,  which 
of  course  is  the  Hour  Angle.  At  all  other  times  the  Meridian 
Distance  is  obtained  by  computing  the  spherical  triangle,  of  which 
the  arguments  are  the  Polar  Distance,  Latitude,  and  Altitude, 
constituting  the  after-breakfast  problem  so  familiar  to  all  "  South 
Spainers." 
Siminer  Line  B«t  we  must  get  back  to  the  "  Sumner  line,"  as  it  possesses  yet 
■he wi bearing  another  property  of  very  considerable  convenience  to  the  naviga- 
tor. If  the  lino  on  the  chart  be  extended  till  it  meets  a  point  of 
land,  it  shews  the  hearing  of  that  land,  and  although  the  exact 
distance  will  not  be  known,  we  have  only  to  sail  on  this  line  till 


•   Vule  foot-note,  page  311. 


''LINE  OF  BEARING,'' 
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the  place  is  arrived  at     On  this  accouat  the  ''  Sumner  line "  is 
frequently  termed  a  '*  Line  of  bearing."* 

When  entering  the  English  Channel  in  winter,  this  knowledge 
may  be  of  great  service.  The  course  of  homeward-bounders  is 
generally  a  north-easterly  one,  so  that  the  south-easterly  bearing 
of  the  sun  in  the  forenoon  is  well  adapted  to  give  such  a  direction 
to  the  line  as  will  cause  it  to  strike  some  part  of  the  coast 

When  the  "  Sumner  line  "  happens  to  pass  rather  wide  of  a  H*w  to  main 
place  which  would  make  a  suitable  landfall,  the  difficulty  can  be  ^^^  thnmgn 
circumvented  by  ruling  through  the  desired  point  a  second  line  "V  «*▼•* 
parallel  to  the  first,  and  so  shaping  the  course  as  to  get  on  to  this 
new  line  as  quickly  as  possible.    Just  as  though  in  a  strange 
town  you  were  directed  to  a  shop  some  distance  ahead  on  the 
opposite  side  of  the  street,  your  first  move  would  naturally  be  to 
cross  over,  and  then  resume  your  walk  in  the  same  direction, 
knowing  that  you  are  bound  to  come  to  it  in  time,  and  only 
require  a  good  look-out  till  you  do  so. 

Instead  of  laying  down  a  *'  Sumner  line "  by  working  a  sight 
with  two  assumed  latitudes,  and  pricking  them  off  with  their 
respective  longitudes,  half  of  the  labour  may  be  saved  by  recol- 
lecting that  the  ''  Sumner  line "  runs  at  right  angles  to  the  mm'a 
true  hearing,  therefore,  if  the  sun's  bearing  be  known,  it  is  easy 
to  lay  down  the  "  Sumner  line."  To  do  this,  work  the  sight  <mce  j^  ^^^  ^ 
ovdy,  using  the  latitude  by  account,  and  mark  the  resulting  ^^C^***  «town 
position  on  the  chart  Open  the  "  Bed  Book,"t  and  find  the  sun's 
true  bearing,  employing  for  this  purpose  the  hour  angle  just 
found,  and  the  same  latitude  and  declination.  Rule  a  line  through 
the  chart  position  at  right  angles  to  the  sun's  true  azimuth,  ancl 
you  have  the  "  Sumner  line  "  as  before. 

Here  a  word  of  caution  is  necessary.  When  the  sun's  altitude  is 
high,  the  circle  is  small ;  and  if  even  a  trifling  portion  of  the  cir- 
cumference be  then  taken,  it  will  be  found  considerably  curved, 
and  the  azimuth  of  the  sun  as  measured  from  the  two  extremes  of 
the  arc  will  appreciably  differ ;  so  that  the  "  line  of  beai*ing"  is  not 
altogether  so  reliable  as  it  would  be  if  the  altitude  were  low,  and 
the  circle  proportionately  large.  However,  as  this  problem  is  more 
likely  to  be  used  in  winter  than  summer,  such  a  case  will  scarcely 
arise  in  practice.     Nevertheless,  it  is  well  to  bear  it  in  mind. 

*  Seameu  of  the  old  school  (when  chronometers  were  more  scarce  than  now)  are 
familiar  with  the  plan  commonly  adopted  long  before  Samner*B  time,  of  ronmng  down 
their  easting  or  westing  on  the  parallel  of  the  port  bonnd  to.  This  was  nothing  more 
than  sailing  on  a  12  o'clock  *' Sumner  line.'* 

t  Burdwoo(Va  or  Davit* a  Azimuth  Tables, 
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CELESTIAL  AND  TERRESTRIAL  CROSS-BEABIKQS. 


The  practicability  having  already  been  pointed  out,  of  fixing  a 
ship's  position  on  the  "Suraner  line"  by  a  cost  of  the  lead,  it 
remains  to  shew  another  mode  of  doing  so  by  the  bearing  of  a 
distant  object. 

How  to  Bi  It  is  essential  in  this  case  that  the  sun  should  be  either  pretty 

Sumner  Una   much  in  the  same  or  contrary  direction  to  the  object  of  which  tho 

Hy  bearing  of  bearing  is  taken.     Should  the  sun  bear  either  exactly  over  it  or  in 

dlflb&nt  land. 

the  contrary  direction,  the  "  cut "  will  bo  a  right-angled  one ;  and 
in  proportion  to  the  difference  of  the  bearing  of  tho  sun  and  object, 

I  BO  will  the  angle  of  intersection  of  the  two  lines  be  more  or  less 

favourable.  If,  for  example,  the  sun  bears  two  points  to  the  right 
or  left  of  the  object,  the  "cut"  will  have  an  angle  of  six  points, 
which  is  very  good,  but  tho  nearer  it  is  to  eight  points  the  better. 
If  the  object  be  a  long  way  off — sny  40  to  50  miles — it  is  necessary 
to  take  the  bearing  with  great  caro.  A  method  of  doing  this  with 
the  utmost  accuracy  will  bo  given  further  on.  An  error  of  1"  at 
50  miles  would  throw  out  the  ship's  position  nearly  one  mile.  Aa 
the  sun's  position  can  bo  liiid  down  on  the  chart  at  any  time,  this 
method  may  be  regarded  as  a.  mode  of  fixing  the  ship's  position  by 
cross  bearings ;  a  short  object  being  used  for  one  bearing,  and  the 
sun  for  the  other. 
SftDgerons  An  example  will  now  be  given,  accompanied  by  a  charUet,  to 

■"""  "'"^  demonstrate  the  many  great  advantages  of  the  "Sumner  line"  in 
-tamneruiiea.  cases  o£  critical  navigatioa     /(  will  vrove  ike  praclicabitity  of 
sailing  in  absolute  safety,  and  without  losing  distance,  rouiut  dan- 
gerous skoals,  when  neither  the  latitude  nor  longitude  of  the  akip 
are  mwe  than  approximately  himvn. 

The  observations  here  detailed  were  actually  ma<le  by  the 
author  when  commanding  the  Facitic  Ca's  steamship  Galicia, 
but  tho  date  has  been  altere<l  to  suit  the  Nautical  Almanac  for 
the  present  year. 

On  the  morning  of  October  24th,  18SI,  the  steamship  Qalieia, 
being  bound  to  Monto  Video,  was  steering  .N.  29°  E.  (true),  1 2  knots 
per  hour,  the  intention  being  to  pass  outside  the  French,  Astrolabe, 
and  English  banks. 

At  7h.  8m.  A.M.  App.  Time  at  Ship,  a  cast  of  the  lead  was  taken 
in  15  fathoms,  sandy  bottom,  and  the  following  observation  was 
made  to  get  a  "  Sumner  line,"  by  which  to  keep  cl.;or  of  the 


shoals. 


-Sl-Tni>AII  ta-W 


CHARTLET    N»4. 


VALUE  OF  "SUMNER  LINES"  EXEMPLIFIED. 
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PodUonby«a  {il^.g-S;!. 


PoUrdirtance  78  V  .  .  .  0000409 
Lat.  byaoa  .  86  67  .  .  .  0  091767 
-3>-TnMAlt.    20  40        x^~  9  686272 


Half  Sum  .    ,    <&  ^^ 
Ramalnder    .    46  42 


0  861096 
184  44      I    /     n.   M.     a. 

0*648444  =  4    61    62*2 

^^—      12 


App.  time  at  Ship    .     7     8     7  8 
App.  time  at  Oreenw.  10    60     7*8 

H.  X.     a.         •     , 
Long,  in  time  .    .    .     8    42     OH)  =  66    80  W. 

Accordingly,  Latitude  35**  57'  S.,  and  Longitude  65*  80'  W., 
were  pricked  off  on  the  chart.  Next  Burdwood  was  opened  at 
page  65,  and  under  declination  12'',  and  opposite  7h.  8m.  A.T.S.,  the 
sun's  true  bearing  was  found  to  be  90**,  or  East.  Therefore,  a  North 
and  South  "  Sumner  line  "  was  ruled  through  the  ship's  position. 

Now,  in  accordance  with  what  has  already  been  stated,  the  ship 
must  be  somewhere  on  this  line ;  and  as  it  trended  due  North  and 
South,  owing  to  the  8un  being  on  the  Prime  Vertical,  the  exact 
longitude  was  a  matter  of  certainty,  and  the  soundings  seemed  to 
indicate  that  the  latitude  by  D.K.  was  pretty  correct.  Looking 
at  the  line  on  the  chart,  it  is  evident,  let  the  latitude  be  what  it 
may,  that  if  the  ship  was  steered  upon  it,  she  would  go  clear  o£ 
danger.  This  was  done,  and  the  ship's  course  then  became  North 
(true).  As  a  precaution  the  lead  was  kept  going,  to  guard  against 
a  westerly  set  of  the  tide  or  current 

About  10  A.M.  high  land  was  sighted  a  little  on  the  starboard 
bow,  and  at  11  A.M.  the  Pan  de  Azucar  (a  mountain  1374  feet  high) 
was  recognized,  bearing  N.  30^  E.  (true).  Its  vertical  sextant 
angle — measured  on  and  o^— was  0"*  26'  45",  eye  28  feet  Imme- 
diately an  observation  was  made  to  get  a  second  "  Sumner  line,"  as 
the  sun  was  favourably  situated  for  crossing  it  with  the  bearing 
of  the  mountain.    A  cast  was  also  taken  in  11|  fathoms,  mud 

H     M      8« 

O.M.T.  2  26  16-6  P.M.  wuM  date.  -<s>-  True  Alt,  68"  ff 

Corr.  Equa.    +   16  46  3 


O.A.T..    .       2  42   1^ 


Portion  by  aoa  Il^.m.JJw. 


/_ 


Polar  distance  78  8  .  .  .  0000616 
Lat.  byaoo.  .  86  10  .  .  .  6  087628 
-^ True  Alt.   68    6        /^ — 8607014 


0626806 

H.    M.      S. 

8  230947  =  0    60    68*1 
— —      12 


Half  Sam  .    .    88  0^ 

B«maiDder    .    26  3j                    ^^,          ,,  ..  ,^ 

App.  time  at  Ship    .    11  00  1-0 

App.  tlDM  at  Oreenw.  14  42  1-0 


Long.  In  ttma 


.    .     .      8    42      0-0  =  66    80  W. 


l&nd 

Ml. 


IiutnietlTS 
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This  position  was  duly  pricked  ofi',  and  as  Burdwix>d  does  not 
give  the  azimuth  when  the  altitude  exceeds  00°,  recourse  was  had 
to  Towson'a  handy  tables,'  page  72,  where,  by  a  very  few  figures, 
the  aun's  true  bearing  was  deterniitied  to  be  N.  34'  E.  A 
"  Sumner  line  "  at  right  angles  to  this  (N.  56°  W.  true)  being  ruled 
through  the  chart  position,  was  found  to  lead  in  safety  round  tlie 
north-eastern  edge  of  the  English  Bank,  and  strike  the  island 
of  Flores,  Tliis  course  was  steered  with  every  confidence,  and  in 
three-quarters  of  an  hour  the  lighthouse  was  made  dead  ahead. 
When  the  "Sumner  line"  was  cut  by  laying  off  on  the  chart  the 
bearing  of  the  "  Pan  de  Azucar,"  it  gave  a  position  agreeing 
exactly  with  the  one  by  D.R,  and  further  corroboration  was  found 
in  the  soundings,  which  tallied  to  a  nicety.  The  distance  of  the 
.  *  mountain  wns  calculated  from  the  observed  vertical  angle,  and 
found  to  be  24J  miles.  The  measurement  on  the  chart  proved  to 
be  the  same.-t- 

Here  we  have  as  good  an  example  as  could  well  be  selected,  of  I 
tlie  immense  value  of  the  "Sumner  line"  when  making  the  land,  , 
or  dodging  round  shoals.  It  is  necessary  to  observe  that  the 
chronometers  had  been  rated  a  few  days  before  at  Sandy  Point,  in 
the  Straits  of  Magellan,  so  that  the  longitude  of  the  "  Sumner 
line  "  could  be  depended  upon  as  correct,  otherwise  it  would  have 
been  imprudent  to  skirt  the  banks  so  closely.  In  laying  off 
"  Sumner  lines  "  on  the  chart,  the  navigator  is  strongly  recom- 
mended to  use  Field's  Parallel  Ruler,  which  will  be  found  very 
handy  for  this  and  similar  purposes. 

By  way  of  practice,  the  reader  can  work  out  the  following  obser- 
vations, which  were  made  going  up  the  Irish  Channel : — 

Tuesday,  June  8tb,  1S80,  at  3h.  4ni.  r.M.,  the  a.s.  Britith  Cro>m  passed  one 
mile  S.E.  of  Tuskar  lighthouse,  and  shaped  a  courec  up  the  George's  Channel 
N,  31i°  K,  the  gpecii  over  the  bottom  vaiying  from  3  knots  per  hour  «gainat 
the  ebb,  to  \A\  knots  with  the  llood. 

In  every  case  the  correct  Greenwich  Mean  Time  ta  referred  Uk  The  coiuwa 
and  bearings  are  by  Sir  Wttliam  Thomson's  ataniiard  compass  redveed  to  true. 
Eye  24  feet  No  index  error.  The  eract  iwaition  of  the  ship  was  ascertaiiied 
from  time  to  time  by  bearings  of  the  land,  ami  horizontal  angles  laid  down 
with  the  Station  Pointer.     In  two  instances  vert im/ sextant  angles  of  Croghan 

*  "  Praotical  Inffrroitioo  on  tha  DavUlion  o(  tba  CompaH,  lot  (ha  lua  ol  HMtca 

ud  Male*  of  Iron  Shipi,"    By  J.  T.  Towaon. 

tTha  writer  haa  broiight  out  >  ■idkII  book  (pocket  liu),  eatitlcd  "The  Danger 
Anifla  »ncl  Ofl-ihore  Diatuica  Tmble*,''  whereby  a  ahip'a  diatuice  (njin  the  ooMt  may 
be  taken  out  by  almple  inqiectinn.  It  can  be  pnicured  from  the  pubUaben  oI  this 
wiick,  and  uthtr  nauticnl  buukMllera.      (PrlH  1*.  tA.) 
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Hill — measured  on  and  off  the  arc — were  taken  as  a  check,  and  coincided 
beautifully  with  the  other  detenninations.  The  observations  were  made  by 
the  writer  singlehanded,  and  the  chronometer  times  taken  by  an  officer.  Had 
there  been  an  assistant  to  permit  of  the  observations  being  made  simultaneously, 
of  course  it  would  have  been  easier,  but  the  close  agreement  of  the  results 
shews  what  can  be  done  by  trying.  The  chart  used  was  Admiralty  Sheet 
Na  1825  B.  The  reader  is  recommended,  before  going  into  the  calulations,  to 
lay  off  the  ship's  position  corresponding  to  the  various  times  of  observation. 
This  is  easily  done  by  starting  at  one  mile  S.K  of  Tuskar,  and  ruling  a  light 
pencil  line  with  Field's  Parallel  Ruler  in  the  direction  of  N.  31^''  K  true. 
Upon  this  lay  off  the  ship's  position  at  6h.  28m.  16s. — 5h.  45m.  OOs. — 
6h.  10m.  19s. — 6h.  37m.  OOs.— 7h-  51m.  53s.  and  8h.  15m.  8s.  When  working 
out  the  Sumner  lines,  use  a  latitude  expressly  in  error  some  10',  so  that  the 
perfection  of  the  method  may  be  fully  demonstrated. 

4h.  4m.  OOs.  P.M.    Lucifer  Shoals  lightvessel  abeam,  distant  about  4|  miles. 

5h.  28m.  16s.  ^  26°  57'.  Slieve  Boy  N.  75i*»  W.  Position  by  bearings,  &c, 
62"  33'  7"  N.,  and  6^  60'  00"  W.  Position  by  "Sumner  line"  crossed  with 
bearings  of  Slieve  Boy  52**  33'  00 "  N.,  and  6*>  49'  37"  W. 

6h.  33m.  40s.  ^  26*»  7 J'.  Croghan  Hill  N.  64*»  W.  A  0*"  43'  60"  =  23'  distant 
against  22}'  by  bearings,  &c.,  which  latter  gave  position  62^  34'  8"  N.  and 
6**  49'  10"  W.  Position  by  "Sumner  line"  crossed  with  bearing  of  Cioghan 
HiU  62«  34'  6"  N.  and  6**  49'  46"  W. 

6h.  46m.  OOs.    South  Arklow  lightvessel  bore  N.  43j**  W.,  distant  nearly  8'. 

6h.  10m.  19s.  ^  19°  36'.  Croghan  Hill  N.  721**  W.  A  0"  42'  10"  =  23j', 
distant,  agreeing  exactly  with  following  position  by  bearings,  &&,  62^  40'  60'' 
N.  and  6**  42'  30"  W.  By  "Sumner  line"  crossed  with  bearing  of  Croghan 
Hill  62<»  40  65"  N.  and  5*»  43'  00"  W. 

6h.  23m.  64s.  ^17*»  344'.  Croghan  Hill  N.  79i°  W.  Observed  horizontal 
angles  as  follows  :— Mt.  Leinster  18**  46 '  Croghan  Hill  46**  34'  Great  Sugar 
Loa£  Which  gave  position  52**  43'  20"  N.  and  6**  40'  00"  W.,  against 
62**  43'  12"  N.  and  6**  38'  30"  W.,  by  **  Sumner  line  "  cut  by  Croghan  Hia 

6h.  37m.  OOs.    Wicklow  Head  lighthouse  bore  N.  48j**  W. 

7h.  61m.  63s.  M.  6**  30'.  Summit  of  Bardsey  Island,  in  the  opposite  direction 
to  the  sun,  bore  S.  64^**  K,  distant  about  27}  miles.  The  sextant  angle  between 
Croghan  HiU  and  the  sun's  nearest  limb  was  63**  67'.  Position  63**  1'  60"  N. 
and  6**  23'  00"  W.,  against  63**  2'  6"  N.  and  5**  23'  40"  W.,  by  "Sumner  line" 
cut  by  Bardsey.  In  this  case  the  bearing  of  Croghan  Hill  was  found  by  first 
getting  out  the  sun's  azimuth  from  the  **  Red  book,"  and  then  applying  to  it 
the  horizontal  angle  measured  between  it  and  Croghan  Hill  The  method  of 
doing  this  will  be  given  in  another  chapter. 

8h.  16m.  88.  The  final  position  of  the  ship  was  63*"  6'  40"  N.  and  6**  18'  50" 
W.  The  horizontal  angle  between  the  Great  Sugar  Loaf  and  the  sun's  nearest 
limb  was  30^  46',  the  sun  having  an  altitude  of  about  2"  46'.  At  the  same 
time,  nearly,  the  horizontal  angle  between  Holyhead  Mountain  and  the  summit 
of  Bardsey  was  74*  40'. 


That  very  diatinguished  authority,  Sir  W.  Tliomson,  id  allading 
to  Sumner's  method  of"  Double  Altitudes,"  is  credited  with  having 
said  in  the  course  of  a  lecture  at  Glasgow,  "  that  it  would  be  the 
greatest  blessing  to  uavigators,  both  young  and  old,  if  every 
other  method  of  ordinary  navigation  could  be  swept  away." 
When  one  considers  that  the  "  Double  Altitude "  problem — not 
Ivory's,  or  Riddle's,  or  the  method  by  natural  sines,  but  the 
"Double  Altitude"  problem  as  now  practised— gives  the  Latitude. 
Longitude,  and  Azimuth,  all  at  one  working,  the  learned  Professor's 
remark  seems  more  than  justified. 

The  cliief  viitue  of  this  powerful  problem  consists  in  utilizing 
observations  taken  at  any  hour  of  the  day,  so  that  one  is  rendered 
gloriously  independent  of  the  9  o'clock  sight,  and  the  time-honoured 
Meridian  Altitude.  Of  all  otliers,  therefore,  thia  is  the  problem  to 
which  the  navigator  should  devote  his  most  serious  att^-ntion. 

In  the  last  chapter  it  ia  shewn  how  a  single  altitude  of  the 
8un  gives  a  "  Circle  or  Curve  of  position,"  upon  some  part  of  which 
the  observer  must  be.  If,  then,  after  an  interval,  during  which 
the  sun  has  travelled  sufficiently  to  the  westward,  a/noOter  altitude 
'  be  taken,  a  second  "  Circle  of  position  "  will  be  obtained,  upon 
some  part  of  which  the  observer  must  likewise  be.  Now,  since  he 
is  somewhere  on  lotii  of  the  circles,  he  must  of  necessity  be  at  their 
point  of  intfirsectiou,  which  is  the  only  place  that  can  satisfy  the 
twofold  condition.  It  is  true  that  the  circles  intersect  each  other 
at  ttoo  points,  but  theae  are  generally  wide  apart — perhaps  io 
op[>osite  hemispheres— and  surely  the  observer  knows  his  where- 
sboata  within  a  houdful  of  degrees.     It  will  be  evident,  therefore, 
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that  the  "  Double  Altitude  "*  problem  is  nothing  more  than  the 
operation  detailed  in  the  last  chapter,  repeated  after  a  suitable 
interval.  Chartlet  No,  3  illustrates  this.  The  circles  in  it  are  those 
which  have  already  been  separately  given.  They  are  now  com- 
bined, to  exemplify  the  method,  and  the  data  belonging  to  each 
presented  to  the  reader  in  a  complete  form. 

Maech  7th,  1880. 

About  1 1  A.M.  Apparent  Time  at  Ship,  an  observer  in  the  Northern  hemisphere  Brample 
found  the  sun's  true  altitude  to  be  60^  when  a  chronometer  shewed  Ih.  22klS* 
llm.3-88.ofG.M.T. 

After  an  interval  of  four  hours,  the  same  observer,  at  6h.  llm.  1*28.  of 
G.M.T.,  found  the  sun's  true  altitude  to  be  33**  17'  45".  Required  his  Latitude 
and  Longitude ;  also  the  sun's  true  azimuth  at  each  observation. 

Beference  to  the  chartlet  will  shew  that  the  circles  intersect  in 
Latitude  32**  23'  N.,  and  Longitude  30''  W.  The  sun's  azimuth  at 
the  first  observation  was  S.  23|°  E.  and  S.  57^**  W,at  the  last  one. 
The  "  Sumner  lines  "  are  at  right  angles  to  these  bearings,  and  of 
course  cut  each  other  at  the  same  point  that  the  circles  do.  Con- 
sidering them  as  "  Liifies  oj  hearing**  if  the  ship  were  sailed  on  the 
first  "  Sumner  line,"  she  would  fetch  Vigo  in  one  direction,  or  the 
West  India  Islands  in  the  other.  If  she  were  sailed  on  the 
second  "Sumner  line,"  she  would  fetch  either  Sierra  Leone  or 
Baffin's  Bay. 

This  method  may  be  considered  as  a  means  of  determining  the  "Aitronoml- 
ship's  place  hy  astronomical  cyross-bearings;  the  first  bearing  of  the  boaztngi.*' 
sun  being  taken  when  convenient,  and  its  position  at  that  moment 
laid  down  on  the  chart ;  and  the  second,  or  cross-hearing,  after  an 
interval  sufficient  to  allow  the  requisite  change  in  the  sim's  posi- 
tion. In  the  example  before  us,  the  bearings  cross  at  an  angle  of 
81  J°,  which,  being  nearly  a  right  angle,  gives  a  very  favourable 
"  cut." 

In  practice,  the  ship  is  very  seldom   stationary  between  the 

observations,  and  if  it  be  required  (as  is  customary)  to  know  her 

position  at  the  last  one,  the  first  circle  must  be  moved  bodily  to 

the  same   distance   and   in  the  same  direction  as  the  ship  has 

sailed  in  the  interval.     When  dealing  with  the  "  Sumner  lines,"  How  to 

the  same  rule  of  course  holds  good :  the  first  one  must  be  trans-  JI^^^Kia 

iiiUtspoiitloii 

betwoan 
•  Baper  finds  fault  with  this  term,  and  suggests  '*  Combined  Altitudes,"  but  its  OtMMrfatUmii 
meaning  u  so  thoroughly  established  among  the  seafaring  community,  that  any  attempt 
to  chamge  it  would  be  questionable  wisdom. 
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ferred  parallel  with  itself,  according  to  the  course  and  distance 
made  good  between  sights.  Then  its  point  of  intersection  with  the 
second  "  Sumner  line  "  will  be  the  ship's  place  as  required. 

In  sea-going  practice,  to  find  the  latitude  and  longitude  by  this 
method,  take  two  altitudes  of  the  sun,  with  such  an  interval 
between  them  as  will  give  a  difference  of  bearing  of  al  least 
three  points,  but  the  nearer  to  eight  points  the  better — same 
rule  in  fact  as  in  taking  cross-bearings  of  the  land,  where  t^ie 
place  of  the  ship  is  most  distinctly  marked  when  the  pencil 
lines  have  a  good  square  crossing.  Work  the  altitudes  separately, 
using  the  Latitude  by  account  and  Polar  distance  proper  to  each, 
and  find  the  respective  azimuths  by  the  "  Red  book."  Through 
each  resulting  position  on  the  chart,  rule  a  "  Sumner  line,"  differ- 
ing 90**  in  direction  from  the  sun's  true  bearing.  Take  any  point 
in  the  1st  line,  and  from  it  draw  a  3rd,  to  represent  the  ship's 
run  between  the  observations.  Through  the  end  of  this  3rd  line 
draw  a  4th,  parallel  to  the  1st,  and  the  point  at  which  it  cuts 
the  2nd  Sumner  line  is  the  place  of  the  ship. 

To  prevent  confusion,  it  is  better  not  to  draw  the  2nd  "  Sumner 
line"  till  the  1st  one  has  been  projected  for  the  i*un  of  the  ship: 
there  need  then  be  but  one  point  of  intersection,  as  in  the  figure. 
It  might  serve  to  make  this  transference  of  the  1st "  Sumner 
line  "  better  understood,  if  we  were  to  imagine  it  something  the 
ship  could  carry  with  her,  and  drop  at  the  correct  angle,  at  the 
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instant  of  making  the  observation  which  was  to  cross  it  with  the 
2nd  "  Sumner  line/' 

Now,  it  is  not  always  convenient  to  draw  "  Sumner  lines  "  on  CaicuiaUon 
a  chart.     Moreover,  to  define  the  "cut"  clearly  and  accurately,  it  "piottinff.*' 
is  necessary  to  use  a  well-sharpened  pencil,  to  have  a  chart  on  a 
fairly  large  scale,  and  that  the  difierence  in  the  sun's  bearing 
be  not  less  than  three  points, — the  two  latter  of  which  conditions 
are   unfortunately  not  always  obtainable.      Again,  if  "Double 
altitudes"  be  practised  daily — as  most  assuredly  they  ought  to  caicuiauon 
be — constantly  plotting  the  "  Sumner  lines  "  would  soon  disfigure  J^^^'^J 
the  chart     It  may  be  graphic,  but  it  is  also  clumsy.  too  tedious. 

To  avoid  all  this,  and  ensure  the  greatest  accuracy  the  method 
is  capable  of,  it  is  advisable  to  do  the  whole  thing  by  calculation 
from  first  to  last.  But  the  "Double  altitude"  problem,  when 
worked  out  in  full,  according  to  Sumner,  is  a  formidable  afiair,  and 
the  rules  at  the  finish  are  so  complicated  as  to  scare  most  ordinary 
seafaring  men. 

The  easier  method  recently  introduced  by  Mr.  A.  C.  Johnson,  joiinBon^s 
M.A.,  Naval  Instructor  on  board  Her  Majesty's   training  ship^^^* 
"  Britannia,"  is  therefore  a  most  welcome  improvement*      It  is  Problem 
short,  easily  understood,  and  accurate,  and  theie  is  little  in  the ^^ ****^ 
whole  calculation  with  which  the  navigator  is  not  already  familiar. 
Let  us  now  contrast  the  two  methods,  and  the  reader  can  judge 
for  himself  which   gives  most  value   for  an  equal   number  of 
figures.    The  example,  of  which  the  figures  are  here  given,  is 
the  one  already  presented  graphically  to  the  reader  in  chartlets  1, 
2,  and  3. 

**'  On  finding  the  Latitude  and  Longitude  in  Cloudy   Weather,"     London:  J.  D. 
Potter,  81,  Poultry. 
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The  following  is  the  Rule  fob  this  METHoa* 

L  Let  two  chronometer  observations  be  taken  at  an  interval  of 
about  an  hoar  and  a  half,  or  two  hours,  if  possible,'!'  and  let  the 
first  be  worked  out  with  the  lat.,  D.R  at  the  time  of  observation. 

n.  Let  the  lat,  D.R,  and  longitude  thus  obtained,  be  corrected 
for  the  run  of  the  ship  in  the  interval  between  the  observations, 
and  let  the  second  observation  be  worked  with  this  corrected 
latitude.  Name  these  longitudes  (1)  and  (2),  and  take  their 
difference. 

III.  The  bearing  of  the  sun  at  each  observation  is  to  be  taken 
from  an  Azimuth  Tabla  Li  every  case  they  are  to  be  considered 
as  less  than  90"" ;  so  that  when  the  Tabular  bearings  exceed  9(r» 
we  must  subtract  them  from  180',  and  reckon  them  from  the 
opposite  point  of  the  compass;  thus  N.  122^**  W.  would  be  S. 
blY  W.,  and  so  on. 

IV.  Enter  Table  L  (pages  288,  289,)  with  the  latitude  and 
bearings,  and  take  from  it  two  numbers  (a)  and  (6),  of  which 
take  the  difference  or  sum,  according  as  the  bearings  are  in  the 
same  or  different  quarters  of  the  compasa  The  difference  between 
the  longitudes  (1)  and  (2),  divided  by  this  difference  or  sum,  gives 
the  correction  for  the  second  latitude  ;  and  (a)  and  (6),  multiplied 
by  this  correction  for  latitude,  gives  the  corrections  for  the  two 
lonritudes. 

V.  To  apply  the  corrections  for  the  longitude. 

When  the  observations  are  '  When  the  observations  are  in 
in  the  same  quarter  of  the  different  quarters  of  the  compass, 
compass,  allow  the  correc-  correct  the  Easterly  longitude 
tions  both  to  the  East,  or  both  towards  the  West, and  the  Westerly 
to  the  West,  longitude  towards  the  East, 

in  such  a  manner  as  to  make  the  two  longitudes  agree.  If  they 
do  not  agree,  they  shew  that  the  corrections  have  been  wrongly 
applied ;  and  herein,  as  Mr.  Johnson  says,  we  have  a  valuable 
safeguard  against  error,  peculiar  to  this  method  only. 

VI.  To  apply  the  correction  for  the  latitude. 

Under  the  sun  s  bearing  at  the  time  of  observ^ation  write  the 
opposite  bearing,  and  suppose  the  letters  to  be  connected  diagonally ; 
theti  that  connected  with  the  name  of  the  correction  for  longitude 
will  be  the  name  of  the  correction  for  the  latitude.     Thus,  if  the 


•  inserted  with  Mr.  Johnson's  pcrnii.'*8i..n. 

+  Provided  that  the  sun'<  beAring  has  change-!  not  less  than  a  point  and  a  half,  or 
two  pointa. 
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correction  for  the  longitude  were  6J'  W.,  and  the  sun's  bearing 
«.  57i"  W., 

We  should  write  down  S.  W. 

and  under  it  N.  E. 

Then,  as  the  letter  which  stands  diagonally  opposite  to  W.  (the 
name  of  the  correction  for  the  longitude)  is  N.,  the  correction  for 
the  latitude  has  to  be  allowed  towards  the  North :  and  so  on  in 
other  cases. 

A  consideration  of  the  direction  in  which  the  "  Sumner  lines  '* 
trend,  will  give  the  reason  for  Rule  VI.  The  reader  can  also 
refer  back  to  those  in  Charllet  No,  3,  and  to  the  explanation  on 
page  299,  et  sequitur. 

An  example  from  actual  observation  on  board  ship  is  given  on 
the  following  page,  to  shew  the  complete  working  of  the  method 
advocated. 

This  of  Johnson's  may  be  regarded  as  a  convenient  adaptation  Similarity  of 
of  Rosser's  method  of  "  Double  Altitudes  by  Logarithmic  Tabular  Seti^T 
Differences."     The  two  are  virtually  the  same  in  principle ;  and  KoMwr's  and 
although  Rosser's  is  vert/  first-rate,  Johnson's  has  undoubtedly  cut  metiiod«. 
it  out.     The  greater  brevity  of  the  latter,  its  freedom  from  even 
the  suspicion  of  algebra — a  regular  bugbear  to  some  men — and 
fewer  rules  to  remember^  are  all  good  points  to  scora     The  writer  Pr«fiBr«iM 
used  Rosser's  method  almost  daily  for  a  number  of  years,  but  has  ^^JJ? 
abandoned  it  in  favour  of  Johnson's. 

Sir  W.  Thomson,  much  impressed  with  the  value  of  Sumner's 
method  in  his  own  nautical  experience,  which  is  not  inconsider- 
able, has  gone  to  the  trouble  and  expense  of  publishing  a  set  of 
tables  to  facilitate  the  working,  but  they  do  not  seem  to  find 
general  favour,  and  Johnson's  method — taken  all  round — is  hard 
to  beat 

In  actual  practice,  the  first  half  of  the  "Double  Altitude" 
observation  is  worked  out  as  soon  as  possible ;  and  it  is  well  to 
take  the  2nd  altitude  about  an  hour  or  so  after  the  first,  in  case 
a  more  desirable  one  should  not  be  obtained  later  on.  It  can  be 
kept  as  a  "  stand  by,"  and  need  not  be  worked  out  if  a  better 
turn  up. 

As  the  sun's  bearing  changes  more  rapidly  in  high  latitudes  wintar  iMitor 
than  in  low — in  winter  than  in  summer — the  interval  between  *"""*  Summw 
the  observations  may  at  such  times  be  correspondingly  smaller.  Aititiidei. 
This  fits  in  admirably  with  the  sailor's  requirements,  as  it  is  just 
in  winter  he  happens  most  to  need  the  aid  of  this  problem.     The 
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writer  has  frequently  worked  out  "Double  altitudes"  by  this 
method  with  only  three-quarters  of  an  hour  interval,  for  want  of 
a  longer,  and  found  them  to  come  out  with  wonderful  accuracy. 
The  difference  in  bearing  in  such  cases  would  be  less  than  a  point, 
and  if  the  "  Sumner  lines  "  were  drawn  on  the  chart,  they  would 
be  found  to  run  together,  and  their  intersection  would  be  very  ill 
defined  indeed.  Therefore  it  is  that  in  many  instances  calculation 
is  preferable  to  laying  down  the  lines,  &c.,  on  the  chart,  which 
latter  operation  is  technically  styled  "plotting"  the  work. 

What  has  been  stated  in  this  and  the  previous  chapter,  with  -Qf^xitb 
regard  to  "Circles   of  Equal   Altitude,^''   "Sumner   lines,"    andAititudw 
"  Double  altitudes  "  generally,  is  equally  applicable  to  Sun,  Moon,  au  Heavenij 
Planet,  or  fixed  Star — the  principle  is  the  same;  but  as  there ^**^"* 
can  be  no  possible  reason  on  a  clear  night  to  wait  for  a  "  Double 
altitude  "  of  a  star,  when  the  Heavens  are  full  of  objects  in  the 
most  suitable  positions  for  simultaneous  Astronomical  Cross-hear- 
inga,  it  is  proposed  to  devote  the  next  chapter  to  the  method  of 
finding  the  latitude  and  longitude  by  simultaneous  altitudes  of  gij^^^j^^^^^^ 
two  or  more  fixed  stars.  Aittttdat  or 

If  the  reader  be  desirous  of  going  very  thoroughly  into  the 
fundamental  principles  of  "Double  altitudes,"  let  him  read  an 
excellent  article  on  the  subject  in  the  first  three  numbers  of  the 
Nautical  Magazine  for  1880.  The  problem  is  there  handled  iu  a 
masterly  style,  and  in  language  suitable  to  the  indifferent  mathe« 
matical  training  of  the  merchant  seaman. 


CHAPTER  XL 

T:.*r  prol'lera  of  the  "Circle  of  Eqail  Altiuide*  wmj  be  ex- 
ttui'i^i  to  a&v  celestial  b>>ir.  Tiie  pole  of  the  cirde  vill  alwmjs 
be;  tLe  plaoe  wbofi^e;  looTitude  is  die  Greenwidi  boor  angle  of  the 
object  ^reck  jji^i  westvard;,  a&d  whose  latitade  is  the  same  as 
tLe  wz.inskiiju  of  tLe  object. 
sisriuaaj  Tue  Greenwich  Lour  anj:le  of  a  star  is  as  easily  obtained  as 
that  of  the  huzi ;  since,  if  there  is  extra  work  in  one  part,  it  is 
made  u\,  for  by  the  fact  tl'iat  we  uke  oat  at  si^ht  the  Declination 
Liii  Ki.'lit  A^jension  wiiLoui  bavii,^  to  make  anv  oorrectiooa. 
TxiU^ : — 

Over  what  places  on  the  earth's  surface  were  the  stars  Sirios 
afid  Eei^etiia-ch  vert:':":^!  at  Tii.  r7m.4G3L  G.iLT.,  on  February  2Kt^ 
1  *>^0  1 


0t 


•     1  Ii5 

•  Bt;:5rncA«:F. 

.     -     .     SS2  10  4 
.    .    .    ;s  4*  5l-t 

LfjLg.Ui'U:  IB  tin.*!    ... 

■JS  52  lC-7  ••*     . 

lir  49  vn  w 

L«/C:^t*l'lt  io  tiiue          .... 

1     7  45  i  H 

.     »  10  40-S  I^ 

*  ft  LHy-t^L^.-'b            

:<i  ^  -.v   >  -:.. 

:i2  40  12    fJL»t 
...     4>  54  l9    Nofth. 

H-ivin::  thus  f-»urid  tiie  centres  of  the  circles,  tlieir  size  at  any 
^Mven  iji'^iii^Mit  will  dej^nd  entirely  upun  the  altitudes  obtained  at 
the  place  of  the  o^.«>erver.     In  tiie  ca»e  before  us — to  which  this 
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18  the  introduction — the  circles  are  very  large,  as  the  observed 
altitudes  happen  to  be  both  small. 

The  true  altitude  of  Sirius  is  15**  56 J',  and  that  of  Benetnasch 
16"*  24 J';  and  the  circles  interaect  in  Latitude  51**  1'  N.,  and 
Longitude  17**  43'  W.  The  "  Sumner  lines  "  cut  at  a  good  angle 
— 121**;  and,  as  usual,  each  lies  at  right  angles  to  the  bearing  of 
the  star  to  which  it  pertains. 

Attention  is  here  directed  to  the  fact  that  in  that  geographical 
position,  when  the  altitude  of  Sirius  was  15°  56J'  the  correspond- 
ing altitude  of  Benetnasch  could  only  be  16°  24^' — neither  more 
nor  less.  This  amounts  to  saying  that  if,  at  a  specified  time,  the 
altitude  of  any  visible  star  be  given  to  a  computer  whose  own 
position  is  known,  he  can  calculate  what  the  altitude  of  any  other 
visible  star  would  be  at  the  same  instant  and  at  the  same  place ; 
or,  in  other  words,  the  two  sets  of  data  are  interchangeable. 
Aofain:  take  notice  of  the  difference  in  the  longitude  of  the  centras 
or  poles  of  the  two  circles.  It  amounts  to  105°  44'  22"'  in  arc,  or 
7h.  2m.  57*5s.  in  time,  which  is  exactly  equal  to  the  difference  of 
the  Right  Ascensions  of  the  stars.  A  second  reading  of  the 
chapter  on  "Time"  will  brighten  up  the  memory  as  to  how  this 
can  be. 

Having  endeavoured  briefly  to  explain  some  of  the  ground- 
work of  the  problem,  we  will  now  get  on  to  the  more  practical  part. 

Unlike  "Double  altitudes"  of  the  sun,  in  which  the  observer  Advanti^rM of 
has  to  air  his  patience  waiting  till  the  difference  of  bearing  is  star  AitttndM 
such  as  will  give  a  sufliciently  good  "  cut,"  Astronomical  Cross- 
hearings  (as  the  writer  chooses  to  call  them)  can  be  obtained  from 
siravXtaneous  observations  of  the  stars  or  planets  without  any 
interval  whatever.  This  method  possesses  several  striking  advan- 
tages 

I.  Stars  may  always  be  selected  in  such  positions  as  will  give 
the  very  best  results,  while  the  sun,  on  the  contrary,  is  restricted 
in  its  application,  the  conditions  not  generally  being  matters  of 
choice.  Hence  this  method  may  be  practised  with  equal  success 
in  all  latitudes,  and  with  high  as  well  as  low  altitudes,  although 
the  latter  are  preferable,  for  reasons  with  which  the  reader  is  no 
doubt  by  this  time  familiar. 

II.  Since  there  is  no  interval  between  the  observations,  the 
method  is  free  from  possible  errors  in  the  ship's  run,  which  errors, 
even  when  comparatively  small,  may  seriously  affect  the  result 

III.  Several  pairs  of  stars  may  be  taken  at  the  same  time — one 
as  a  check  upon  the  other. 
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IV,  One  observation  of  either  sun  or  star  gives  a  " 
ing,"  which,  valuable  as  it  may  be — so  far  as  it  goes — does  not 
give  a  complete  result.  But  it  will  be  rare  indeed  that  there  will 
be  any  occasion  to  plot  a  "Line  of  bearing"  by  a  single  star; 
since,  if  one  is  visible,  there  are  generally  others  also,  some  of 
which  can  be  taken  simultaneously,  and  so  make  it  possible  to 
define  the  ship's  position  esactly. 

With  the  stars  also,  calculation  throughout  is  preferable  to  tl 
chart,  though  in  their  case  there  is  not  altogether  the  »ame  ni 
for  it  as  with  the  sun ;  since,  if  the  stars  be  well  chi 
there  is  no  reason  why  they  should  not  be — the  "  Sumner  lines' 
will  not  be  open  to  the  objection  of  making  a  bad  "  cut."     How- 
ever, this  may  be  considered  a  matter  of  taste ;  but,  for  those  who 
prefer  calculation,  Johnson's  method  is  again  available. 

A  few  examples  of  the  working  will  now  be  given.  Instead  of 
computing  an  imaginary  series  of  observations,  these  are  selected 
at  random  from  among  a  number  of  others,  takcu  on  the  same 
evening.  The  results  in  every  case  agreed  within  a  1'  or  so.  Were 
it  not  that  tlie  writer  knows  the  great  accuracy  attainable  wil 
stars,  and  how  superior  they  are  to  the  sun,  he  would  scare 
take  up  time  and  space  to  advocate  their  adoption. 

It  is  necessary  to  notice  two  points  of  importance  about  tl 
work  of  the  •  Benetnaacli. 

(1.)  As  its  declination  exceeds  23",  the  azimuth  cannot  be  taki 
out  by  inspection  from  the  "Red  Book,"  This  will  sometiiuor' 
occur  in  practice,  but  the  (.lifficulty,  as  already  explained  on  paga 
93,  may  be  got  over  by  the  use  of  Towsou's  Table  VII.  When, 
however,  the  star  employed  is  not  one  of  thoso  iu  the  table,  iU 
bearing  must  be  worked  out  in  the  old-fashioned  way,  by  th« 
Alt^azimuth  problem  {vide  Norie,  page  228,  et  teq.)  The  calcula- 
tion is  in  all  respecte  the  same  as  the  one  employed  for  the  sDo, 
Norie  only  gives  examples  of  the  latter,  but,  as  there 
difference,  the  omission  does  not  signify. 

(2.)  Bcuctuasch   being  a   circunipolar  •    does   not  set  to 
observer  North  of  40°,  and,  consequently,  it  may  have  any 
angle  up  to  12  hours  east  or  west  of  the  meridian. 

In  the  preceding  example,  ita  hour  angle  or  meridian  distance 
9h.  23m.  38s.,  which  is  not  contained  in  Table  XXXI.  of  Nori& 
It  will  be  found,  however,  in  Table  C9  of  Raper'a  Epitome,  wbidt 
extends  up  to  12  hours.  Should  the  navigator  not  possess  the 
latter  epitome,  he  need  not  consider  the  battle  lost,  as  there  is  an 
easy  dodge  by  which  the  desired  end  may  be  attained. 
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332  HOW  TO  TAKE  SIMULTANEOUS  ALTS. 

How  to  And         Take  out  the  log.  sine  of  Iialf  the  log.  of  the  hour  angle ;  dotibU 

when^  *     i^  *^d  ^^^^  i^  ^^^  ^""^>  ^^^  Y^^  have  what  you  want.    The  log.  of 

rei^aiar  the  hour  angle  is  19-94845 ;  halve  it  =  9  974225 ;  the  log.  sine  of 

Table  If  not  "  -  .  ® 

available.       this  is  70°  27'  17",  which,  doubled,  is  140°  54'  34"  =  9L  23m.  388. 

To  select  fitting  stars  for  Simultaneous  Altitudes  is  a  simple 
SSmi^fOT*^*^  matter.  Choose  any  star  or  planet  whose  bearing  from  the 
Bimuitaneons  meridian  exceeds  10°  or  12°.  Face  it  squarely,  and,  extending  the 
right  or  left  arm  upwards  from  the  side,  notice  if  it  points  to  any 
other  known  star  of  the  first,  second,  or  third  magnitude.  Such 
a  star  will  bear  at  right  angles  to  the  first  one,  and  be  in  the 
best  possible  position  for  pairing  with  it  If  you  fail  to  find  a 
star  or  planet  so  situated,  take  the  next  best  you  can  get,  but 
endeavour  to  avoid  the  difiereiice  in  the  bearings  being  less  than 
60°,  or  more  than  120^ 

In  working  Simultaneous  Altitudes  by  Johnson's  method,  it  is  by 
no  means  essential  that  they  should  be  taken  exactly  at  the  same 
instant.  The  idea  that  two  observers  were  required  for  this 
problem  has  often  proved  a  bar  sinister  to  its  use.  This  we 
must  remove  forthwith,  and  shew  that,  by  having  all  preparations 
made  beforehand,  one  sextant  is  quite  equal  to  the  occasion. 

Place  an  ofiicer  at  the  chronometer,  and  take  the  sights  yourself 
from  behind  the  shelter  of  the  bridge-cloth — in  clear  weather,  the 
hiijhcr  the  better.  Let  a  quartermaster  attend  with  a  bull's-eye  or 
binnacle  lanip  by  which  to  read  oti',  and  in  this  manner  the  two 
stars  can  easily  be  taken  by  an  expert  observer  in  from  one  to  two 
minutes  of  each  other,  which  is  close  enough  together  if  the  sights 
are  good. 

The  two  following  examples,  taken  in  this  fashion,  may  be 
worked  for  practice.  To  convince  yourself  of  the  value  of  the 
method,  work  with  a  latitude  purposely  10'  or  20'  in  error — say 
51°  lOJ  N.,  as  in  the  preceding  example  : — 

February  21sr,  1880,  observed  as  FOLLOwa 

H.  M.    S,  <5        ^ 

Time  by  chron.  7  ii,")    5  »  a  Cygni  (Dcnel))  :!0  34i  W,   1   To  be  worked 
EzamplM  for  m  ^       7  i^T     7  »  Dubhc  40  .34    E.     |       as  a  pair. 

''racUce.  ,,  ^^       7  ;^4  .js  ,  Alplioratz  .35  37i  W.    \  To  be  worked 


j» 


,,       7  3G  10 »  Dubhe  41  '1')    E.     /      as  a  |)air. 


1} 


All  conditions  the  same  as  in  the  worked  example. 

Those  observations  are  bona  Jide,  and  although  they  come  out 
well  together,  the  evening  was  not  by  any  means  a  favourable 
one ;  and  tlie  writer  might  easily  have  selected  stars  out  of  hisj 
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work   books  agreeing  closer,  but  these  are  preferred  as  a  fair 
average  sample. 

As  a  specimen  of  accurate  observation,  take  the  following,  made 
on  the  present  voyage.  About  7h.  22m.  p.m.,  August  1st,  1880, 
the  stars  Altair  (E.),  and  Areturus  (W.),  gave  precisely  the  same 
longitude;  the  third — Benetnasch  (W.),  differing  only  1'.  The 
Pole  *  was  observed  for  latitude,  and  differed  only  half  a  mile 
from  Antares  to  the  Southward,  the  latter  being  worked  as  an 
Ex-meridian,  with  an  hour  angle  of  11m.  9s. 

The  observations  were  taken  and  calculated  in  the  presence  of 
the  Chief  Officer  and  Surgeon,  and  afterwards  examined  by  them, 
so  that  "  cooking  "  was  impossible.  They  are  not  mentioned  here  ««cooklaff.'' 
in  self-glorification,  but  merely  to  shew  what  can  be  done  with 
the  stars,  and  what  extremely  satisfactory  results  are  to  be  ob- 
tained, when  one  understands  and  has  practice  at  the  work. 

Of  course  simultaneous  altitudes  of  two  Planets,  or  of  a  star 
and  a  Planet,  can  be  worked  out  in  a  precisely  similar  manner. 
An  example  of  a  star  and  a  Planet  coupled  together  is  given  over 


the  leaf. 
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CHAPTER  XIL 

(X)MPASS    ADJUSTMENT. 

An  exhaustive  enquiry  into  this  most  important  subject  must 
involve  a  whole  book  on  it  alone,  whilst  in  these  pages  we  can 
but  afford  it  a  chapter.  For  more  complete  information^  the 
student  cannot  do  better  than  read  up  the  books  in  the  Nautical 
Library  marked  by  an  asterisk,  taking  them  in  the  order  there 
numbered  4,  5,  and  6.  Even  here,  however,  before  treating  of  the 
practical  part  of  the  work,  it  is  absolutely  necessary  to  explain 
some  of  the  principal  features  of  the  theory,  since  it  is  certain  that 
any  one  who  attempts  Compass  Adjustment  by  mere  "rule  of 
thumb,"  without  clearly  comprehending  the  laws  upon  which  it  is 
based,  can  never  hope  to  perform  it  satisfactorily. 

The  Earth  itself  is  a  huge  magnet,  whose  magnetic  poles  (two  in  tim  Barth  a 
number)  are  entirely  distinct  from  its  poles  of  rotation.     That  in  "•*"•*• 
the  northern  hemisphere  is  situated  to  the  N.N.  W.  of  Hudson  Bay, 
in  British  North  America,  and  has  been  actually  reached  by  man;  potitioii  or 
whilst  the  other  lies  to  the  South  of  Tasmania,  but,  owing  to  5J2**** 
impenetrable  barriers  of  ice,  has  not  quite  been  reached,  but  so 
nearly  that  its  position  was  without   difficulty  ascertained  by 
calculation. 

Unlike  the  Oeographical  Poles,  which  are  represented  by  a  mere 
point,  the  Magnetic  Poles  include  a  considerable  area  of  the  earth's 
surface,  amounting  perhaps  to  50  square  miles. 

''As  the  magnetism  of  the  north  end  of  a  needle  is  of  the 
opposite  kind  to  that  of  the  north  pole  of  the  earth,  physicists  are 
not  agreed  as  to  which  should  be  called  north  magnetism ;  and  it  nn^nAtte 
has  therefore  been  found  convenient  to  distinguish  them  by  colour,  PtdaMtf 
calling  the  first  red,  the  second  blue.    The  distinction  may  be  ^^qj^Sir 
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ensily  remembered,  by  supposing  the  needle  coloured,  and  from  R 
occurring  in  iioRth  and  in  Red ;  U  in  soUth  and  in  blUo."" 

At  the  north  magnetic  polo,  tbn  red  or  north  end,  and  at  the 
south  magnetic  pole,  the  blue  or  snuth  end,  of  a  frccly-suapeaded  J 
needle,  points  vertically  downwards;  or  in  other  words,  at  both.| 
these  places  the  "dip"  13  90°. 
nntiAwln  Here  may  be  stilted  the  first  general  law  in  loagnetism — namely,] 
^^"  '  that  opjxtBite  poles  attract,  and  similar  poles  repel  each  other.il 
From  whlcJi  it  follows,  that  if  we  decide  to  colour  red  that  end  ofB 

»the  needle  which  points  to  the  north,  the  mngnetism  of  that  paftJ 
of  the  earth  must  be  considered  as  blue. 
Variation  of  the  compass  is  the  angle,  measured  at  the  DloMfl 
of  the  observer,  between  the  earth's  nearest  true  and  magnetiol 
poles.     If  he  be  so  placed  in  either  hemisphere  thai  the  true  aud  1 
magnetic  poles  of  that  region  are  in  transit,  there  will  be  no  1 
Variation.     On  the  other  hand,  were  an  observer  situtited  directly 
on  of    between  them,  he  would  have  ItiO",  or  the  greatest  possible  amoaot 
■"*"   of  Variation.    And  here  a  curious  anomaly  presents  itself.    St«rt- 
iag  from  the  rmrth  magnetic  pole,  one  would  have  to  steer  due 
eoiUh  b>/  covipass  to  reach  the  true  or  geographical  north  fxAt, 
since  the  needle  points  not  to  the  true,  but  to  the  magnetic  pole. 

A  compass  needle,  perfectly  free  from  the  effects  of  ii 
other  magnetic  substance,  in  obedience  to  the  earth's  infiuencc^J 
will  rest  in  tbe  plane  of  the  magnetic  meridian;  or,  in  other  wordi^fl 
its  red  end  will  point  towards  the  north  magnetic  pole.     Tb4 
angular  amount  it  is  pulled  to  the  right  or  left  of  this  direettoi 
i StTtatlon of    by  the  ship's  iron  is  termed  tlie  "Error"  or  "Deviation  of  the'' 
■  Compass,"     The  first  is  the  better  word  of  the  two.t     3t  is  also 

defined  as  the  angle  between  tbe  north  and  south  line  of  the  card 
and  the  Correct  Magnetic  north  and  south  line.  It  is  to  be  n-, 
gretted,  however,  that  some  wi-iters — combining  Variaiion 
Deviation — have  defined  "  Error  "  (or  "  Total  error  ")  as  tbe  augl 
between  tbe  north  and  south  line  of  the  compass  and  the  aatro'  ' 
nomical  or  tru£  north  and  south  line ;  for  "  this  deliuition  conveys 
an  altogetlicT  wrong  idea  of  what  tbe  compass  ouglU  to  do,  and  is 
not  in  any  respect  convonient."J  Deiiation  ami  I'arialion  ariae 
from  entirely  diH'erent  causes,  and  should  never  be  misod  up  witb 
eacb  other  in  this  manner.     It  is  possible,  by  comijonsation,   to 
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free  the  compass  from  the  one,  and  not  from  the  other.     The  Effect  of 

DevlaUoi 
ship's  oourss 


Deviation  or  Error  is  said  to  be  easterly  when  the  north  point  of  ^^^^^w*  «* 


the  card  is  pulled  to  the  right  or  east  of  north  Correct  Magnetic, 
and  westerly  when  it  is  pulled  to  the  left  or  west  of  north  Correct 
Magnetic.  The  confusion  which  sometimes  arises  as  to  the  effect 
of  Deviation  on  the  ship's  course  may  be  got  over  6y  standing  in 
imagination  at  the  centre  of  the  compass,  and  conceiving  the  ship 
to  be  sailing  thence  along  any  desired  point  to  the  margin  of  the 
card.  Now,  since  easterly  Deviation  pulls  the  card  to  the  right, 
<md  the  ship  follows  the  card,  it  is  clear  that  she  also  is  thrown  to 
the  right,  and  tnce  versd,  "  Local  Attraction  "  is  the  term  used  to  Local 
express  the  disturbance  of  the  compass  by  magnetic  influence 
existing  outside  of  the  ship,  such  as  may  be  found  in  docks  and 
other  confined  water  spacea 

At  the  earth's  magnetic  poles  all  compass  action  ceases ;  since  compass 
there  a  freely-suspended  needle,  pointing  straight  up  and  down,  S?^^"^! 
has  no  horizontal  force  to  give  it  direction — hence  the  very  apparent 
sluggishness  of  the  compass  in  high  latitudes,  and  its  complete 
uselessness  in  the  neighbourhood  of  the  magnetic  poles.  Indeed, 
were  it  not  for  the  conical  shape  of  the  pivot  and  cap  which 
compels  the  card  of  a  mariner's  compass  to  assume  a  horizontal 
position,  it  would  tip  over  end  as  the  magnetic  polos  were 
approached. 

Now,  if  the  earth  has  Magnetic  Poles,  it  has  also  a  Magnetic  Magnetio 
Equator,  This  magnetic  equator  is  a  sinuous  curve  encircling  the  ^'»*<*'- 
earth,  and  crossing  the  geographical  equator  in  two  places  nearly 
diametrically  opposite  to  each  other,  something  after  the  fashion  of 
the  Ecliptic.  One  crossing  is  on  the  eastern  side  of  the  Atlantic, 
about  the  meridian  of  Greenwich,  and  the  other  is  in  the  Pacific, 
about  the  longitude  of  168°  W.  lis  greatest  divergence  from  the 
true  equator  is  in  Brazil,  in  latitude  16°  S.,  and  longitude  45®  W. ; 
is  next  greatest  in  the  Arabian  Sea,  at  a  point  in  latitude  11**  N., 
somewhere  between  Socotra  and  the  Laccadives. 

At  all  places  on  the  magnetic  equator  a  freely-suspended  needle  Action  of  free 
takes  a  true  horizontal  position ;  or,  in  other  words,  the  dip  is  0^  ^JJJJ^**^ 
One  might  imagine  that  here  would  be  found  the  strongest  lines  Magnetio 
of  horizontal  or  directive  force ;  but  most  careful   observations  ^^*"^' 
prove  that  such  is  not  the  case — in  fact,  that  of  the  two,  they  rather 
evince  a  preference  for  the  geographical  equator. 

To  recapitulate : — ^If  a  freely-suspended  needle  be  taken  to  the 

Twrth  magnetic  pole,  its  red  end  will  point  vertically  downwards. 

As  the  needle  is  carried  south,  it  will  gradually  approach  a  hori- 
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zontal  positioD,  vrhich  will  be  exactly  attained  on  the  magntitie 
equator.  Proceeding  still  south,  its  hlue  end  will  next  begin  to 
dip,  and  at  the  suiitk  magnetic  pole  will  point  vertically  down- 
wards. These  facta  have  direct  reference  to  the  magnetic  change 
which  goes  on  in  the  iron  of  a  ship,  as  she  alters  her  vuignetie 
latitude  in  the  course  of  a  voyage. 

The  next  most  important  point  to  be  remembered  is  thedil>i 
■toei  vm  Mft  l^i^rence  between  a  magnet  made  of  hard  steel  and  one  made 
'*«'-  soft  iron.     Tliat  of  hard  steel  will  not  reverse  its  poles, 

at  what  part  of  the  earth  or  in  what  position  it  may  be  held.  Il 
magnetic  character  is  absolutely  permanent,  and  will  so  remi 
even  though  its  red  end  be  directed  towards  the  south,  and  i(« 
blue  end  towards  the  north.  Hard  steel  displays  no  particular 
haste  to  receive  magnetism,  but,  once  acquired,  it  does  not  like  to 
part  with  it  In  this  respect  it  resembles  self-taught  people; 
their  knowledge — often  hard  bought — is  deeply  rooted,  and  abides 
with  them,  Not  so,  however,  with  soft  iron,  which  possesses  no 
independent  magnetism  of  its  own.  In  its  case  the  magnetism 
of  a  purely  transient  kind,  ceasing  with  the  removal  of  the 
dueing  cause,  and  being  just  as  easily  aud  quickly  reprodi 
with  reversed  poles  in  the  same  bar. 

The  experiment  may  be  easily  tried  with  an  ordinary  kitchen 
poker  and  a  boat's  compass.  But,  fii'st,  it  will  be  necessary  to 
explain  that  a  bat  of  soft  iron,  if  held  in  the  earth's  "  Line  of 
force,"  will  i-nstanlly  become  magnetic,  though  it  may  not  have 
been  so  before.  Now,  what  is  the  earth's  "  Line  of  force  ?"  It  is 
the  position  which  a  freely-suspended  needle — when  undiBtnrbed 
by  iron — would  take  up  if  left  entirely  to  itself.  In  the  first 
place,  it  would  point  towards  the  magnetic  pole;  and,  in  the 
second  place,  one  end  would  incline  downwards  at  an  angle 
the  horizon  corresponding  to  the  "  dip  "  at  the  place.  The 
at  Liverpool  is  now  about  GDJ".  When,  accordingly,  the 
is  held  in  this  direction,  it  at  07ice  becomes  magnetic  by  indi 
tioo — its  louer  end  or  point  acquiring  red  magnetism  in  our 
sphere,  and  its  -upper  end  or  handle  acquiring  blue  magnet 
This  may  readily  be  teat«d  by  placing  tlie  compass  near  it. 
held  a  few  inches  from  the  lower  or  red  end,  the  sott/A  point  of 
the  needle  will  be  attracted  by  the  pokor;  while,  if  held  near  the 
upper  or  blue  end,  the  north  point  of  the  needle  will  be  attracted. 
This  invisible  force,  exerted  by  the  poker,  is  termed  "  inducft 
magnetiom,"  or  "  magnetism  of  position,"  and  only  remains  so  long 
as  the  poker  is  held  in  that  particular  manner.     To  destroy  it, 
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is  merely  necessary  to  hold  the  poker  in  an  east  and  west  direc- 
tion, or  at  right  angles  to  the  "  Line  of  force,"  when  it  will  no 
longer  appreciably  affect  the  compass. 

This  shews  that  soft  iron  has  no  fixed  polarity.  Percussion 
exercises  a  marked  influence  on  both  the  inducing  and  dispelling  Pexeossioii— 
of  this  kind  of  magnetism.  If,  therefore,  the  poker  be  hit  a  few 
taps  with  a  hammer  whilst  held  in  the  "  Line  of  force,"  its  magnetic 
power  will  be  intensified ;  and,  again,  when  the  position  is  altered 
BO  as  to  dissipate  the  force,  it  will  be  found  that  the  tapping 
hastens  that  process  also. 

Let  the  poker  be  once  more  held  in  the  "  Line  of  force  " — but 
this  time  with  the  point  up  and  handle  down — ^it  will  again  be- 
come magnetic ;  but  the  blue  and  red  magnetiam  will  be  found  to 
have  changed  ends.  The  red  will  have  shifted  its  quarters  to  the 
handle,  because  it  is  now  the  lower  end,  and  the  blue  to  the  point, 
because  it  is  now  the  upper  end.  Just  like  water  and  oil  behave 
in  a  bottle :  the  oil  will  unfailingly  be  found  at  the  top,  no  matter 
which  way  the  bottle  may  be  held. 

The  facility  with  which  soft  iron  acquires  or  parts  with  mag-  Change  pro- 
netism  may  be  shewn  in  another  way.    Take  the  kitchen  poker,  Jjj^  ^^"^ 
in  imagination,  to  the  north  magnetic  pole,  and  hold  it  vertically,  gaogripliloil 
point  down.    The  lower  end,  as  before,  will  acquire  "  red,"  and  the  SSS^ 
upper  end  "  blue  "  magnetism.     Holding  it  still  in  the  same  way^ 
transport  it  to  the  magnetic  equator ;  it  will  there  be  entirely  free 
from  magnetism  of  any  description.     Still  holding  it  in  the  same 
manner,  transfer  it  to  the  south  magnetic  pole ;  it  will  once  more 
be  magnetic,  but,  the  lower  end  will  now  have  "  blue,**  and  the 
upper  end  or  handle,  "  red  "  magnetisuL  The  rapidity  of  the  change 
will  correspond  to  the  time  occupied  on  the  journey. 

As  before  stated,  this  will  not  happen  with  a  mxignet  of  hard 
steel,  whose  poles  remain  unchanged  in  character,  no  matter  what 
way  it  is  held,  or  in  what  hemisphere  it  may  be  placed  Keep 
this  in  mind,  as  it  bears  directly  upon  the  behaviour  of  the  iron  in 
a  ship. 

Thus,  in  north  (magnetic)  latitude  the  upper  end  of  all  vertical  Bfltol  of 
soft  iron,  such  as  funnel,  masts,  stanchions,  davits,  rudder,  stern-  ^^«rt*«*****"» 
post,  &c.,  has  blue  magnetism,  and  attracts  the  north  end  of  the 
compass  needle.  While  as  the  ship  sails  south,  such  iron  becomes 
gradually  weaker  in  its  effect,  and  on  the  magnetic  equator — ^being 
then  at  right  angles  to  the  "  Line  of  force" — ^produces  none  what- 
ever. On  the  other  hand,  in  south  (magnetic)  latitude  the  upper 
end  of  this  same  vertical  iron  acquires  red  magnetism,  and  rq>eU 
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the  €nd  of  the  needle  it  had  previously  attracted,  doing  so  with  con- 
tinually augmented  force  as  high  latitudes  are  gained. 

Further,  be  it  remembered  that  in  any  given  locality  the  mag- 
netie  intensity  of  a  vertical  bar  of  soft  iron,  such  as  the  rudder 
post,  remains  undiminished  no  matter  what  may  be  the  direction  of 
the  ship's  head;  but  its  disturbing  effect  on  the  compass  dependa 
upon  its  position  relative  to  the  needle,  being  greatest  when  at 
right  augles  to  the  direction  of  the  needle's  length,  and  ceasing 
when  in  a  line  with  it  (see  IHat^ama  Noa.  1  and  2).  We  hava 
now  done  with  vertical  iron  for  the  present 

A  horizontal  bar  of  soft  iron  at  the  magnetic  pole  has  no  mag- 
netism whatever,  since  there  it  is  at  right  angles  to  the  "  Line  rf 
force."  It  is,  in  fact,  in  the  same  harmless  condition  that  the  ver- 
tical bar  found  itself  on  the  magnetic  equator.  When  taki 
however,  into  low  latitudes,  it  gradually  becomes  magnetic  if  t^pt 
pointing  towards  the  maffitelic  pole,  and  has  its  greatest  power  in 
the  vicinity  of  the  equator.  The  red  m^netism  will  always  b« 
found  in  the  end  which  points  to  the  north,  no  matter  which,  turn 
it  about  as  you  may. 

As  the  south  magnetic  pole  is  approached,  a  horizontal  bar  c^ 
soft  iron  loses  force,  and  at  the  point  of  90"  dip,  has  ^ain 
to  be  mf^netic     In  brief ;  vertical  iron  is  most  magnetic  at  the 
poles,  and  horizontal  iron,  held  in  the  direction  of  the  meridian, 
most  magnetic  on  the  equator. 

Another  very  marked  distinction  between  vertical  and  horizon- 
tal  iron  must  here  be  noted.  The  magnetic  intensity  of  the  latter 
depends  not  only  upon  its  proximity  to  the  equator,  but  on  the 
awjU  it  miikea  with  the  magnetic  meridian.  Thus,  when  held  in  a 
north  and  south  direction  (Correct  Magnetic)  it  is  at  its  best;  on 
being  turned  in  azimuth  it  loses  power,  and  when  held  exactly  east 
and  west  (cm.)  has  none  at  all.  Therefore,  unlike  vertical  iron, 
horizontal  iron  on  board  ship  has  a  varying  action  upon  the  com- 
pass, depending  on  the  direction  of  the  ship's  head  as  well  as  ihs 
position  of  its  poles  relative  to  the  eont/xiss  needle. 

This  is  an  important  distinction ;  but  there  is  yet  another. 
Horizontal  iron  produces  the  same  deviation  in  all  latitudes ;  for 
though  its  power  varies  with  that  of  the  earth,  the  ratio  between 
the  two  Is  constant ;  and  since  the  tirst  is  the  disturbing  force  of 
the  needle,  and  tlie  other  the  directing  force,  it  follows  that  the 
deviation  arising  from  the  induced  magnetism  of  horizontal  iron 
M  the  same  at  any  part  of  the  globe. 

A  magnet  possesses  the  peculiar  power  of  producing  magnetism 


taken, 
ifk^ 
vrer  in  ^| 
tys  b«^| 
turn  '^1 

bar  <^^^| 
ceased '^1 
at  the  fl 
liau,  is^^l 


Diagrojftl/^J. 


DioffreuftJ^Z 


tfymM£m  vESm  ^^*r 


J^osiMo/t  ofyrwtiBste/fwt 


I 
Position  of  no  Ju£tir6an4>e 


TtAui^n^^, 


CURIOUS  MAGNETIC  EXPERIMENT. 


341 


in  a  bar  of  iron  or  steel  without  loss  to  itself,  and  so  is  capable  of  9y  one  mag- 
propagating  its  own  species  to  any  extent.     Therefore,  when  try-  JJto^iimbw 
ing  experiments  with  a  slice,  crowbar,  or  kitchen  poker,  it  must  <»»  ^  »>**• 
not  be  placed  too  close  to  the  compass  needle,  as  the  latter,  if 
strong,  will  of  itself  induce  magnetism  in  the  poker  when,  from 
the  position  in  which  it  may  be  held  at  the  time,  none  would  other- 
wise exist.     Thus,  if  a  common  spike  nail  be  held  near  one  pole 
of  a  powerful  magnet,  the  latter  will  first  induce  magnetism  in 
the  nail  of  a  contrary  name  to  itself,  and  then  the  law  which  says 
that  opposite  poles  attract  each  other  will  come  into  operation,  and 
the  nail  in  obedience  will  fly  to  the  magnet. 

In  the  process  of  making  a  permanent  magnet,  which  is 
variously  done  by  "  touching  "  a  bar  of  glass-hard  steel  with  the 
natural  lodestone,  with  another  magnet,  or  by  electricity,  the  one 
under  treatment  should  be  surcharged  with  the  magnetic  fluid.  It 
never,  however,  retains  all  its  original  strength;  but,  after  a  while, 
settles  down  into  a  certain  definite  state  known  as  "  the  saturation  "Batnrattoii 
point,"  which,  if  the  steel  be  of  the  proper  temper,  it  will  maintain 
for  years  without  appreciable  loss,  and  accordingly  gets  named  a 
permaneytt  magnet.  Pennaiiaiit 

Whatever  the  process  of  magnetisation  may  be,  it  produces  two  ^^^^^ 
opposite  and  equal  forces  in  the  ends  of  the  steel  bar,  from  which 
it  follows  that  there  will  be  a  neutral  point  about  the  centre  of  Neatral  pOai 
the  bar  totally  devoid  of  magnetism  of  any  kind.  It  is  well  to 
know  this;  since,  if  it  be  compulsory  to  put  a  compass  near  vertical 
iron,  it  may  be  possible  to  raise  or  lower  it  to  the  level  of  the 
neutral  point,  and  so  render  the  iron  incapable  of  mischief,  so  long 
at  least  as  the  ship  is  upright.* 

■  - .■  •  ■  —      ■ 

*  Magnetism  has  recently  been  used  for  a  very  carious  purpose,  aa  the  foUowing 
acootmt  taken  £rom  Chamher8*8  Journal  for  Nov.,  1880,  will  shew : — "  It  is  weU  known 
that  in  working  iron,  such  as  welding  two  pieces  together,  and  even  in  its  manafactai«, 
hollow  pUoes  or  flaws  occur,  with  merely  an  outside  skin  over  the  defective  parts, 
which  any  test  but  a  destructive  one  would  fail  to  discover.  *  *  *  To  test  the 
homogeneity  of  the  metal,  Captain  Saxby  takes  a  bar  of  iron  and  places  it  on  the 
equatorial  line  " — (that  is  to  say,  in  an  east  and  west  direction. — Author,)  *^  He  next 
passes  a  compass  with  a  very  sensitive  needle  along  in  front  of  the  bar — ^the  needle,  of 
course,  pointing  at  a  right  angle  to  it.  If  the  bar  is  perfectly  solid  through  its  whole 
length  the  needle  will  remain  steady.  If,  however,  there  should  be  a  flaw  or  hollow 
place  in  the  bar,  the  needle  will  be  deflected  as  it  passes  from  the  solid  to  the  hollow 
place,  haekwardt  towards  the  solid  iron ;  passing  on  over  the  hollow  place,  the  needle 
will  come  within  the  range  of  the  solid  iron  at  the  other  end  cf  the  flaw,  and  will  again 
be  deflected  forward.  If  the  bar  be  cut  through  anywhere  between  these  two  points 
of  deflection,  a  flaw  will  invariably  be  found.  Biany  thousands  of  pieces  of  iron— •ome 
prepared  for  the  purpose  of  testing  this  method  of  trial,  others  in  the  ordinary  course 
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An  iron  ship  may  be  correctly  looked  upon  as  in  itaelf  &  largs 
permanent  magnet.  She  became  so  in  the  process  of  construction ; 
for,  although  the  materials  of  which  she  is  built  are  not  such  as 
by  themselves  retain  magnetism  permanently,  it  is  found  that^ 
when  united  in  the  form  of  a  ship,  and  subjected  to  percussion  by 
rivetting,   &c.,  they  acquire  tbb  property  in  a  greater  or  less 
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After  launching  and  reversal  of  the  ship's  head  a^  it  was  on  tha  J 
building  slip,  the  magnetism  undergoes  very  rapid  diminution ;  ] 
but  in  no  case  does  it  depart  entirely,  and  that  which  is  left  when 
the  saturation  point  is  reached  is  accordingly  styled  Sub-permanent. 
So  far  there  is  a  great  correspondence  between  the  ship,  taken  a 
a  whole,  and  the  steel  magnet. 

It  is  evident  that  the  position  of  the  polos  of  the  ship's  Sub-  \ 
permanent  magnetism  must  depend — first,  upon  the  direction  of  I 
her  head  when  building ;  and,  secondly,  upon  the  "  dip  "  at  the  pari  I 
of  the  world  in  which  she  was  built.  If,  for  example,  a  ship  J 
were  built  at  the  North  Magnetic  Pole — direction  of  her  head  ia  .1 
this  case  immaterial — her  magnetic  constitution  would  be  shewn  I 
by  diagram  No.  3. 

If  built  on  the  Magnetic  Equator  (head  North),  Diagram  No.  4  ] 
would  represent  the  state  of  aS'airs. 

Diagram,  No.  5  representa  a  ship  built  at  the  South  Magnetic  ] 
Pole,  and  in  this  case  also  the  direction  of  her  head  would  not  • 
signify :  and  Diagram  No.  G  shews  one  built  at  Liverpool — head 
South. 

Endless  diagrams  might  be  drawn  to  shew  the  etTect  of  the 
combination  of  geographical  position,  with  the  direction  of  tho  J 
ship's  head  at  time  of  building,  on  her  Sub-permanent  magnetio  1 
character,  but  the  foregoing  are  sufficient  to  Illustrate  what  ia  < 
meant;  and  the  reader,  having  mastered  the  principle,  con  draw  for 
himself  any  special  case  he  may  desire. 

We  have  now  shewn  that  the  compasses  of  a  ship  are  acted  upon, 
first,  by  her  general  magnetic  character,  which,  so  to  speak,  was 


of  bn*iD«M — hare  been  openUd  upon  with  the  wuna  uDTU-ying  ranlt.     Captain  8«ibj 
liH  called  tu  Lii*  uiiitanco  Nature,  vho  never  makca  miiUikea  ■□  her  operatioaa." 

Not*  :— The  writer  of  thii  artiula  bu  made  a.  miitake  id  giving  Mr.  Saib;  tb*  litis 
uf  Captain.     He  wai  Prindpal  Initruot'jr  of  Naval  Engineer,  in  Her  Majntjr'a  S 
BeMTTa,  and  at  uu  lima  belongod  to  the  Eiecatife  branch  uf  the  ■Brrics.     Bj 
of  light  and  pleaaaot  reading,  Milan  would  do  well  to  take  the  ji.imal  joat  qaolad.   J 
It  oontaiaa  aUo  the  lateit  MientiSc  "  tipa  "  on  all  iiit.jeoU. 
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born  with  her,  and  secondly,  by  the  induced  magnetism  of  indivi- 
dual masses  of  vertical  and  horizontal  iron. 

The  general  magnetism,  after  a  time,  becomes  stable  in  amount,  stability 
irrespective  of  geographical  position,  and  the  colour  of  its  poles  pomanent 
is  not  subject  to  change ;  the  induced  magnetism  never  becomes  Maffnetism. 
so,  and  the  colour  of  its  poles  depends,  in  the  case  of  vertical 
iron,  upon   the  magnetic   latitude  the  ship  may  be  in  at  the 
moment ;  and  in  the  case  of  horizontal  iron,  upon  the  direction  of 
the  ship's  head. 

Although  the  Sub-permanent  portion  of  the  ship's  magnetism 
remains  constant  in  all  latitudes,  its  effect  upon  the  needle  is  very 
different    Near  the  equator,  the  horizontal  or  directive  force  of  the  Varying  effect 
needle  is  at  its  best,  and,  accordingly,  it  is  then  most  fit  to  resist  p^^^^ent 
the  disturbing  pull  of  the  fixed  portion  of  the  ship's  magnetism  Magnetism, 
just  referred  to.     But,  as  we  know,  the  needle  loses  its  directive 
force  as  polar  regions  are  approached,  and,  consequently,  at  such 
times  comes  more  and  more  under  the  domination  of  the  ever 
vigorous  Sub-permanent  magnetism.     It  is  consequently  necessary 
to  compensate  these  various  effects  by  means  suitable  to  each. 

The  Permanent  portion  of  the  ship's  magnetism,  which  causes  Duty  of  steel 
Semicircular  or  Polar  deviation,  is  compensated  by  steel  magnets,  '**'**^ 
whose  magnetism  is  likewise  permanent;  and  that  part  due  to 
induction  in  vertical  iron,  which  goes  and  comes  with  change  of 
latitude,  and  likewise  causes  Semicircular  deviation,  is  compensated  Duty  of 
by  vertical  bars  of  ordinary  wrought-iron,  which  similarly  become  ^ught-iron 
magnetic  by  terrestrial  induction,  and  are  influenced  in  a  corres- !»". 
ponding  degree  by  such    changes  of  latitude  as  both   may  be 
exposed  to. 

Another  part  of  the  ship's  magnetism,  namely,  that  arising  from 
the  induction  of  horizontal  iron,  produces  Quadrantal  deviation —  Qnadrantai 
which,  as  before  stated,  is  the  same  for  all  latitudes,  and  is  com-  <*®^i*^®'^ 
pensated  by  horizontal  cylinders  of  soft  iron.     These  are  usually 
cast. 

The  correct  principle,  therefore,  to  go  upon  in  adjusting  com- 
passes appears  to  be  that  "  Like  cures  like,"  when  applied  on  the 
opposite  side  to  the  disturbing  influence. 

The  many  diverse  causes  shewn  to  operate  on  the  compass  at 
one  and  the  same  time,  combine  in  producing  a  certain  sum  total 
of  effect,  but  as  these  forces  do  not  always  act  in  harmony  either 
as  regards  direction  or  amount,  it  is  clear  that  their  joint  effect 
cannot  be  compensated  by  any  single  magnet  whose  power  is  the 
same  at  all  times  and  in  all  places.     Here  the  knowledge  of  the 
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skilled  compass  adjuster  comes  in,  as  by  certain  mathematical  rulca^fl 
by  no  means  difficult  of  attainment,  he  is  able  to  aiutlyae  Uie  luag-fl 
netic  character  oE  the  ship,  apportion  to  each  Hnd  of  deviation  its  " 
proper  value,  and  apply  the  right  kind  of  remedy. 

To  distinguish  Qua^lrantal  from  Semicircular  deviation  U  qoite 
easy,  but  to  separate  that  part  of  Semicircular  deviation  causud  by 
vertical  iron,  from  that  part  which  is  produced  by  the  sliip's  Su&>  J 
permanent  magnetism,  is  a  more  difficult  task  by  far ;  yet,  inJ 
vessels  continually  changing  their  magnetic  latitude,  this  is  of  thA  J 
highest  importance. 

To  adjust  a  compass,  it  is  necessary  to  put  the  ship's  head  oofl 
two  adjacent  cardinal  points,  such  as  North  and  East ;  also  od  any-4 
one  of  the  four  principal  inter- cardinal  points,  such  as  N.Bl. 

The  Deviation  (semicircular)  existing  when  the  ship's  head  isf 
either  North  or  South,  is  caused  by  the  attraction  of  the  port  orl 
■   starboard  side  of  the  ship,  according  as  the  attracting  pole  of  ha 
magnetism  lies  to  one  side  or  tho  other,  and  is  compensated  1 
steel  magnets  placed  athwaxtsliips.     The  compass  being  placed  in  ■ 
the  midship  fore-and-aft  line  of  the  vessel,  and  the  iron  on  each 
side  of  it  being  in  general  equally  and  symmetrically  distributed, 
there  is  no  occasiou  to  compensate  the  induced  magnetism  of  vet-  . 
tical  iron,  as  that  on  the  port  side  counteracts  that  ou  the  star-J 
board  side.  I 

In  a  ship  built  either  due  North  or  South,  the  poles  of  Iier  ' 
Sub-permanent  magnetism  would  exist  in  the  how  and  stern,  ren- 
dering thwartship  magnets  unnecessary,  as  there  would  he  do 
deviation  on  either  of  these  two  points;  that  is,  suppo^ng  tha  ■ 
iron  on  each  side  of  the  conipass  to  be  the  same  in  amount  ftndl 
position .•  The  only  effect  would  be  to  liicreaae  the  directive  foroal 
of  the  needle  when  the  ship's  bead  was  on  the  op}>OBlte  point  tol 
that  on  which  she  had  been  built,  and  to  dtminisk  it  when  on  the  | 
same  point. 

When  the  ship's  head  is  either  due  East  or  West,  the  Deviatioa 
'  (semicircular)  is  caused  by  the  attraction  of  the  bow  or  atern  of 
the  vessel,  according  as  the  attracting  pole  of  her  Sub-permanent 
m^netism  lies  forward  or  aft,  and  according  to  whether  ttu 
greatest  effect  of  vertical  iron  is  found  before  or  ahaft  the  compaa*. 
Tlie  compensation  in  this  case  is  effected  partly  by  ste^  magnets 
placed  fore  and  aft,  ami  partly  by  a  vertical  piUar  of  %vrought-iron.  J 

*  Wlifln,  ua  the  uOwr  bMul,  k  oonpui  U  flanked  by  a  d-mkcj  boilct,  or  iIm  b 
padoaUl  ol  ui  sngiDo-tnotD  Iclegnpb  oa  thi  btUgf,  oompentttioit  as  til*  North  m 
Sunth  iHiiDta  would  tra  n< 
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In  a  ship  built  either  due  East  or  West,  the  poles  of  her  Suh- 
permanent  magnetism  would  lie  to  starboard  and  port,  rendering 
fore  and  aft  steel  magnets  unnecessary,  as  there  would  be  no 
Deviation  from  this  cause  with  the  ship's  head  on  either  of  these 
points,  and  the  rule  as  to  the  directive  force  of  the  needle  would 
be  the  same  as  before. 

It  is  seldom  or  never  that  a  ship  is  built  with  her  head  exactly  Kaowiedg<» 
on   one   of  the  cardinal   points,  so  that  both  fore-and-aft  andJ^J^J 
athwartship  magnets  are  almost  invariably  required ;  and  when  acquainted 
the  compass  is  so  placed  as  to  be  free  from  the  effects  of  vertical  ^  gmp»,  i,^, 
iron  (which,  now-a-days,  is  seldom  the  case),  it  is  possible,  by  com-  ^  buUding 
paring  the  natural  deviation  on  the  north  and  south  points  with 
that  on  the  east  and  west,  to  determine  pretty  accurately  the 
direction  of  the  ship's  head  at  time  of  building ;  or,  knowing  this 
latter  and  the  natural  deviation  on  north  and  south,  it  is  possible 
to  determine  how  much  of  the  deviation  on  east  and  west  is  due 
to  sub-permanent  magnetism,  and  how  much  to  the  induced  mag* 
netism  of  vertical  iron.     This  knowledge  is  very  important* 

When  the  ship's  head  is  either  N.E.,  S.E.,  S.W.,  or  N.W.,  the  Qnadnmtal 
remaining  deviation  (quadrantal)  is  got  rid  of  by  cylinders,  or,  ^^^^n^^***™- 
better  still,  by  hollow  globes  of  cast  iron,  placed  on  each  side  of 
the  compass  bowl.    The  athwartship  and  fore-and-aft  magnets 
are  usually,  but  not  necessarily,  placed  on  the  deck  below  the  com*  how  to  vuioc 
pass.    Sometimes  it  is  more  convenient  to  place  them  on  the  deck  ™*«"*^ 
above,  or  on  a  bulkhead,  or  inside  the  binnacle  itself.    In  reality, 
it  matters  not  whether  they  are  placed  above  or  below  the  com- 
pass, so  long  as  the  middle  of  the  magnet's  length  is  in  the  vertical 
plane,  passing  fore-and-aft  or  athwartships — ^as  the  case  may  be — 
through  the  centre  of  the  compass  card.     {See  Diagram  No.  7.) 

On  no  account  are  steel  magnets  to  be  applied  end  on  to  the 
compass,  neither  should  they  be  placed  vertically,  excepting  the 
one  used  for  correcting  the  heeling  error.  Therefore,  athwart- 
ship magnets  must  be  placed  either  before  or  abafl  the  compass, 
and  fore-and-aft  ones  to  starboard  or  port. 

It  is  preferable  to  use  large  magnets  at  a  considerable  distance,  sim  of 
than  small  ones  close  to.     The  rule  is,  that  the  magnet  should  not  JISm  SS^ 

*  Bq1«)  I  Enter  the  trftverse  tables,  with  the  correct  magnetic  direction  of  the  Bhip*s 
bead  at  time  of  building,  as  a  conrse.  In  the  departure  column  look  for  the  number 
oorreaponding  to  the  deviation  on  north  or  south,  and  against  it  in  the  latitude 
column  will  be  found  the  value  of  the  sub*permanent  magnetism  on  east  or  west, 
which,  subtracted  algebraically  from  the  quantity  actually  observed  on  one  or  other  of 
these  points,  will  leave  the  amount  due  to  vertical  iron. 
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3  the  centre  of  the  card  than  twice  its  own  lei^th ; 
thus,  a  SO"  iQairnet  should  not  be  within  5  feet.  But  some  are 
so  weak  that  at  thia  distance  their  efl'cct  would  be  next  to  nothing. 
Well-made  niaguets  of  equal  size  will  sustain  each  other's  weight. 
EowtopUM  The  cast-iron  cylinders  or  globes — on  suitable  brackets — ara 
OotnWaM.      placed  on  ench  side  of  the  bowl,  «o  that  their  eating  may  be  at 

I  nearly  as  possible  on  Ihe  same  level  at  the  compats  nxdlet,  and 

that  a  horizontal  thwartehip  line  through  the  centre  of  the  card 
may  pass  through  their  centres  also.     (See  Diagram  Xo.  S.) 

The  wrought  iron  vertical  pillar  is  generally  from  3  to  ij 
inches  in  diameter,  and  of  such  a  length  that,  when  secured  in  its 
place,  the  upper  end  may  be  about  2  inches  or  so  al-ove  the  level 
of  the  card.  It  is  more  usually  placed  on  the  /ore  tide  of  the 
compass,  and  exactly  in  a  Jirect  fore-and-aft  line  with  the  centre 
of  the  card;  but  cases  may  arise  where  the  balance  of  effect  of  the 
ship's  vertical  iron  lies  Use!/  on  the  fore  side  of  the  compass,  in 
which  case  the  compensating  jiillar  might  have  to  be  placed  on 
the  after  side.  The  rule  is  simply  this — that  the  pillar  must  be 
placed  so  that  the  pole  on  u  level  with  the  compass  card  ma;  be 
of  such  a  name  as  will  counteract  the  pull  of  the  ship's  vertical 
iron ;  and  to  accomplish  this,  the  pillar  may  be  placed  in  various 
positions,  being  sometimes  on  the  same  and  sometimes  on  the 
opposite  side  to  the  force  it  is  intended  to  compensate.  Occasion- 
ally it  will  be  found  necessary  to  bolt  it  to  the  deck  overhead 
(as  in  a  wheelhouse),  so  that  its  lower  end  may  hang  a  couple  otm 
inches  belmu  tiie  level  of  the  card.  A  good  example  of  tlus  kimil 
of  adjustment  is  shewn  facing  page  354.  ■ 

In  the  Admiralty  method  of  adjusting  the  sub-permanent  mag- 
netism, only  one  magnet  ia  used.     This  is  placed   horizontally 
with   the  middle  of  its  length  exactly  under  the  centre  of  the  . 
card,  at  such  a  distance  from  it,  and  at  such  an  angle  with  t 
fore-and-nft  line  of  the  sliip  as  will  produce  the  desired  eHcctv 
The  explanation  of  its  action  is  simple  : — it  is  merely  the  retuUatdM 
of  the  forces  which  affect   the  needle  when  two  magnela — od«T 
athwarlships  and  the  other  fore<ind-aft — are  employed. 

This  is  a  very  elegant  method,  but  somewhat  more  difficult  tha^l 
the  ordinary  one  in  vogue  on  board  merchant  vessels.  For  detubl 
see  Beffford'a  Sailors'  Pocket-book,  p.  45,  3rd  Ed. 

When  intending  to  adjust,  choose  a  fine  day  with  smooth  w 
provide  a  number  of  steel  magnets  of  various  sizes*  and  i 
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their  centres.  Hold  them  one  by  one  near  a  compass,  and  a 
couple  of  inches  or  so  of  that  end  which  attracts  the  north  end  of 
the  needle,  paint  blue,  and  the  other  end,  red. 

It  will  also  help  matters  to  tint  red  the  northern  semicircle  of 
each  compass  card,  and  its  southern  half  blue.  This  can  be  done 
with  the  ordinary  coloured  pencil.  It  will  do  no  harm  to  allow 
it  to  remain  so  always,  and,  indeed,  compass  cards  might  with 
advantage  be  coloured  this  way  by  the  makers  in  the  first 
instance. 

Plumb  under  the  centre  of  the  compass,  draw  on  the  deck  two  Draw  diaik 
chalk   lines,  one   fore-and-aft,  and   the   other   athwartsMps,  as     **^ 
represented  in   Diagram  No,  7.     In   the  case  of  a  wheelhouse 
compass,  do   the  same   on  the  underside  of  the  deck  overhead. 
We  will  suppose  the  vessel  to  be  at  sea,  and  that  it  is  intended 
to  use  the  bearing  of  the  sun.*     Work  up  the  position  from  last 
observations,  and  set  your  hack  watch  to  Apparent  Time  at  Ship,  g^  watoli 
as  explained  in  the  chapter  on  the  Pelorus.     Take  out  of  the*<>^^'^ 
"  Red  book  "  the  sun's  true  bearing  for  every  four  minutes  of  the 
time  during  which  you  will  be  occupied  adjusting,  and  convert  it 
into  the   Correct  Magnetic  bearing  by  applying  the  Variation 
at  place,  taken  from  the  Variation  chart,  and  duly  corrected  for 
annual  change,  which  latter  in  some  parts  of  the  globe  is  too  large 
to  be  neglected.     Write  down  neatly,  in  a  small  pass  book,  these  uake  list  of 
Correct  Magnetic  bearings  and  corresponding  times.  miSie^*^ 

To  find  the  Correct  Magnetic  bearing  from  the  true,  you  must  bearing, 
apply  westerly  Variation  to  the  right,  and  easterly  to  the  left. 
Thus,  if  the  true  bearing  be  East,  and  the  Variation  two  points 
westerly,  the  Correct  Magnetic  bearing  will  be  ES.E. 

If  a  steamer — take  in  all  sail,  trim  her  perfectly  upright  by  filling 
the  boats  with  water  or  otherwise,  slow  the  engines  so  as  not  to  Lnbber  iinei 
waste  coal,  provide  copper  tacks  and  a  hammer,  and  see  that  the  ^JjJS^^Jf^ 
Ivhher-lines  of  the  compasses  to  he  adjusted  are  truly  forerand-aft,  and-aft. 
Place  the  Pelorus  in  one  of  its  stands — near  to  the  man  at  the 
wheel,  if  possible — and  appoint  an  officer  who  has  some  **  Nous," 
and  is  thoroughly  familiar  with  the  instrument,  to  put  the  ship's 
head  as  required,  whilst  attending  yourself  to  the  compasses. 
Begin  with  the  Standard,  being  the  most  important,  and  leave  the 
Steering  compass  to  the  last ;  although  there  is  no  reason  why  its 
deviation  on  the  various  points,  as  the  ship  goes  round,  should 


*  The  writer,  many  yean  ago,  using  ikt  vMon  for  this  purpose,  adjusted  a  now 
steamer  at  night  in  the  Sunderland  Dock. 
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not  be  noted  by  anotber  officer.  All  being  ready,  let  the  lubber's 
point  of  the  Pelorus  be  secured  at  North,  and  the  sight  vanes 
clamped  to  the  sun's  Correct  Magnetic  bearing,  then  starboard  or 
port  the  helm  until  the  sun's  reflected  image  is  seen  in  the  specu- 
lum or  mirror  fairly  bisected  by  the  thread  of  the  vane. 

The  vessel's  head  will  now  be  North  Corr.  Mag.,- — timt  is  to  say, 
in  the  direction  of  the  north  magnetic  pole,  as  would  be  in<licat«d  ■ 
by  a  well-made  compass  in  a  wooden  ship  without  a  particle  of  I 
iron  on  board,  either  in  her  construction,  equipment,  or  carga  1 
If,  now,  the  comfias-ses  were  correct,  they  would  agree  with  Uie  J 
Pelorua  in  shewing  the  ship's  head  to  be  North  ;  if,  however,  in* 
fluenced  by  the  iron  of  the  ship,  they  fail  to  do  so,  the  amounkJ 
each  differs  from  it  will  be  the  Deviation  due  to  that  particular  ] 
compass  on  that  particular  course. 
1        Accordingly,  if  the  nortli  or  red  end  of  the  compaas-card  h»  I 
attracted — say  three  points  to  starboard — the  ship's  bead  vrill  I 
appear  N.W.  by  N,  by  compass ;  or  in  other  words,  the  deviatim  I 
will  be  three  points  easterly  (+)■    To  counteract  this  blue  attraft-  I 
ing  force  of  the  Sub-permanent  magnetism  on  the  starboard  ndc^  J 
place  athwartship  on  the  deck — either  before  or  abaft,  above  < 
below  the  compass,  as  most  convenient — a  steel  magnet,  with  if*  ' 
red  end  to  starboard,  and,  consequently,  its  blue  end  to  port  of  tht 
compass.     The  red  end  of  the  magnet  will  of  course  repel  the 
red  end  of  the  needle  from  the  starboard  side,  and  be  uded  io 
doing  so  by  the  equally  strong  attractive  force  to  port  of  the  blue 
end  of  the  magnet 

To  avoid  setting  up  a  swinging  motion,  let  the  mn^et  at  first 
be  placed  a  considerable  distance  from  the  compaas — soy  four  or 
five  feet — and  put  its  centre  mark  exactly  on  the  fore-and-aft 
chalk  line.     Then  move  it  gradually  closer,  until  the  ship's  head  i 
is  North  by  the  card.  I 

The  pull  of  the  starboard  side  will  now  have  been  neutralized  1 
by  the  combined  action  of  the  poles  of  the  magnet,  which  may  be 
lightly  tacked  down  in  its  place.  This  is  shewn  in  Ditffram  No.  9, 
Adjust  each  of  the  other  compasses  in  a  similar  manner,  placing 
the  red  or  repelling  end  of  the  correcting  magnet  to  starboard  or 
port,  according  as  the  north  end  of  the  compass- needle  is  allraded 
to  starboard  or  port  by  the  ship.  If  one  magUL>t  be  insufficient  to 
correct  the  Deviation,  apply  another — putting  it,  if  pos.-dble,  oa 
the  opposite  side  of  the  compass  to  the  first ;  or,  if  the  first  be  on 
the  deck  under  the  compass,  the  second  may,  if  desired,  be  tacked 
to   the  deck  aboiv  it      But  m  evert/  oo*f  similar  colours  m 
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point  in  the  same  direction^  or  they  wo»dd  neutralize  each  other. 
All  this  time  the  officer  at  the  Pelorus — duly  provided  with  watch 
and  pass-book — ^is  altering  the  setting  of  the  sight  vanes  for  every 
half  degree  of  alteration  in  the  sun's  bearing,  and  is  conning  the 
ship  with  small  hdm^  so  as  to  keep  her  steady  on  the  North  point 
(CM.),  signalling  by  whistle  whenever  she  is  exactly  so. 

Having  taken  a  second  look  at  each  of  the  compasses,  and  made  ^JJ^"*  ^ 
any  little  alteration  which  may  be  required,  screw  the  lubber  line 
of  the  Pelorus  to  East ;  and,  keeping  the  vanes  set  to  the  sun's 
CM.  bearing,  bring  the  ship's  head  round  with  port  helm  until 
the  sun's  image  is  once  more  seen  in  the  speculum,  and  steady  her 
carefully  on  this  fresh  course.  The  various  compasses,  if  correct 
on  this  point,  ought  also  to  show  the  ship's  head  as  East  Should 
they  fail  to  do  so,  the  difference  is  the  Deviation,  which  must  be 
corrected  partly  by  fore-and-aft  magnets  of  steel,  and  partly  by 
the  upright  iron  pillar. 

The  means  taken  to  determine  how  mtich  is  to  be  corrected  by 
one,  and  how  much  by  the  other,  will  be  shewn  further  on ;  in 
the  meantime,  imagine  half  the  deviation  to  be  corrected  by  the 
pillar,  and  half  by  the  steel  magnet.  If,  now,  with  the  ship's  head 
at  East  (cm.),  the  needle  be  drawn  two  points  towards  the  stem,* 
the  ship's  head  by  compass  will  be  KS.K  To  counteract  this, 
place  a  steel  magnet  fore-and-aft  ways,  either  to  starboard  or  port 
of  the  compass,  with  its  red  end  also  towards  the  stern,  and  centre 
mark  on  the  thwartship  chalk  line.  Move  it  slowly  towards  the 
compass  till  half  of  the  westerly  Deviation  is  corrected.  The 
ship's  head  will  now  be  E.  by  S.  by  compass.  Next  place  the 
upright  pillar /orterard  of  the  binnacle  at  such  a  distance  as  will 
cause  the  ship's  head  to  appear  due  East,  when  it  may  be  securely 
bolted  down  to  the  deck.  It  is  preferable,  however,  that  the 
lower  end  of  the  pillar  should  be  let  down  some  distance  through 
the  deck,  and  rest  either  on  the  one  below,  or  on  some  firm  sup- 
port provided  for  the  purpose.  The  object  is  not  only  to  intensify 
its  power,  but  to  keep  the  lower  pole  of  the  pillar  from  being  so 
near  as  to  counteract  the  opposite  effect  of  the  upper  ona  The 
compass  at  this  stage  is  shewn  in  Diagram  No.  10.  R  stands 
for  the  rudder  post,  which  in  this  case  is  the  active  vertical  iron* 
and  P  for  the  pillar  which  is  intended  to  counteract  it 


*  When  gpeaking  of  the  needle  being  attracted  or  repelled,  its  north  end  11  always 
meant,  unless  otherwise  specified. 
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Tlic  Semiaradar  deviation  of  ail  the  compasses  is  now  corrected. 
We  have  still,  however,  to  deal  witli  the  Ovadrantal. 

Put  the  ship's  head  by  Pylorus  on  aiiy  one  of  the  four  pTiDcipal 
inter-cardinal  points — say  N.E.  correct  magnetic  In  99  ships 
out  of  100  the  compasses  will  exhibit  Easterly  Deviation  on  this 
point,  amounting  to  as  much  sometimes  as  10°  or  12'.  Should 
this  be  the  case,  a  cast-iron  cylinder  or  globe  must  be  placed  on 
each  side  of  the  compass-bowl,  and  moved  nearer  to  or  furlhet 
from  it,  till  the  ship's  head  points  correctly  to  N.E.  by  compati 
also. 

This  adjustment,  once  properly  made,  does  not  require  toachiog: 
ever  after,  unless,  indeed,  the  ship  were  to  load  a  cargo  of  iron, 
some  alteration  made  in  the  iron-work  near  the  compass. 

The  ends  of  tlie  correctors  must  not,  however,  be  nearer  to 
centre  of  tlie  card  than  \\  times  the  length  of  the  longest  needla. 
They  effect  their  purpose  by  becoming  magnetic  by  terrestrial 
induction.  For  example,  with  ship's  head  N.E.,  their  j>ort  ends 
exhibit  r^d  magnetism,  and  in  this  position  compensate  faaUriy 
Deviation;  but  on  turning  the  ship  round  to  N.  W.,  their  ttarboard 
ends  acquire  red  magnetism,  and  in  this  fresh  position  compenaate 
westerly  Deviation.  Chain  boxes,  though  in  very  common  use  for 
this  purpose,  arc  not  to  be  recommended.  The  best  corrector  of 
Quadrautal  Deviation  is  a  couple  of  hollow  cast-iron  globes  or 
shells,  the  introduction  of  which,  like  many  other  tilings  sailors 
have  to  be  thankful  for,  is  diie  to  Professor  Sir  W.  Thomson. 

Here  may  be  mentioned  incidentally  a  curious  and  often-times 
important  fact  with  respect  to  all  hollow  iron  bodies,  whether 
globular  or  square,  such  as  water-tanks,  &c — namely,  that  as  soon 
as  the  thickness  of  the  sides  has  reached  to  tV  of  the  thickness  or 
diameter  of  the  whole  body,  the  magnetic  effect  is  the  same  u  if 
the  body  were  a  solid  pieco  of  iron. 

The  compass  is  now  shewn  fully  adjusted  in  Diagram  Xo.  IL 

Semicircular  Deviation  is  so  termed  because  it  has  the  contrarjf 
name  and  maximum  value  in  opposite  semicirclea — thus,  if  it  is 
easterly  on  North,  it  will  be  westerly  on  South.  On  the  other 
hand,  Quudntntul  Deviation  is  so  termed  because  it  is  greatest  on 
the  four  inter -cardinal  points.  It  has  the  same  name  in  oppoaUa 
quadrants,  and  the  contrary  name  in  adjacent  ones: — thus,  if  il 
is  easterly  on  N.E.,  it  will  te  easterly  on  S.W.  also,  but  westerly 
on  S.E  and  N.W,  So  you  see  the  two  kinds  of  Deviation  are 
vastly  different 

Steel  fore-and-aft  magnets  produce  their  greatest  efifect  on  Eaak, 
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and  West,  diminishing  to  nothing  on  North  and  South,  when  they 
become  parallel  to  the  compass  needla     A  vertical  iron  pillar  Variable 
placed  on  the  centre  line  before  or  abaft  the  compass  acts  in  the  p^gg  needle  of 
same   way.      Steel   thwartship  magnets   produce  their  greatest  JJ"*^®*"*^*^* 
effect  on  North  and  South,  diminishing  to  nothing  on  East  and 
West,  when  they  become  parallel  to  the  compass  needle. 

Quadrantal  correctors  produce  their  greatest  effect  on  N.R,  variable 
S.E.,  S.W.,  and  N.  W.,  tapering  off  to  nothing  at  North  and  South,  q^^^ 
East  and  West.    When  the  ship's  head  is  on  North  or  South  (cm.),  Oonectors. 
the  poles  of  cast-iron  cylinders,  being  at  right  angles  to  the  "  line 
of  force,"  are  powerless  to  affect  the  compass  ;  and  when  the  ship's 
head  is  on  East  or  West  (cm.),  though  the  cylinders  are  then 
magnetic,  they  cannot  affect  the  compass,  as  their  poles  are  paral- 
lel to  the  needle.     In  the  case  of  cast-iron  globes,  their  magnetic 
poles  are  parallel  to  the  needle  on  all  four  of  the  last-named 
points,  but  the  effect  is  the  same  as  with  the  cylinders. 

Any  one  following  out  this  system  of  compensating  magnets, 
with  their  ever  varying  effects,  cannot  but  be  struck  with  the 
beauty  of  the  arrangement  which  permits  of  so  many  discordant 
elements  being  made  obedient  to  natural  laws. 

When  the  process  described  above  is  accurately  carried  out,  and 
the  compasses  well  made  and  properly  situated,  they  will  be 
nearly  correct  on  every  point.  Nevertheless,  it  is  prudent  to 
steam  the  ship  completely  round,  steadying  her  on  every  fourth 
point  by  Pelorus,  to  determine  remaining  errors. 

Then,  should  any  compass  be  found  to  have  considerable  devia- 
tion— say  4°  or  5^ — on  the  opposite  points  to  those  on  which  it  has 
been  adjusted,  halve  the  error  between  the  two.  If,  for  example,  you  Final 
find  a  compass  correct  on  North,  but  4°  out  on  South,  move  the  ^'^*"****^**''*' 
thwartship  magnet  so  as  to  reduce  the  error  on  South  to  2°,  which 
will,  of  course,  cause  2°  of  error  on  the  North  point  also.  When 
necessary,  do  the  same  on  the  West  and  S.W.  points  likewise. 
After  which,  swing  ship  for  a  table  of  remaining  deviations  on 
every  second  point.  When  this  inequality  occurs,  it  shews  that 
the  ship's  iron  is  not  symmetrically  distributed  round  about  the 
compass  in  question. 

Having  finished  up,  resume  Course,  nail  the  magnets  down  for 
good,  and  cover  them  at  your  leisure  with  neat  cases  of  hardwood. 

If  the  operator  knows  what  he  is  about,  adjusting  in  this  man-  sea  A6jju%- 

ner  should  not  occupy  more  than  from  two  to  three  hours,  and  is  J*®^^  p^- 

xerable  to 

worth  a  hundred  swingings  in  a  close  dock,  where  there  is  pro-  Dock  AxUnst- 
bably  any  amount  of  Local  Attraction  by  cranes,  bridges,  roof  °**^** 
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girders  of  sheds,  water  pipes,  Stc,  Dot  to  speak  of  other  iron  vessels 
round  about 

Few  people  ate  alive  to  the  fact  that  in  high  latitudes  eveo  & 
wooden  tugboat  may  be  a  source  of  trouble  to  the  compass,  if, 
when  fast  alongside,  the  upper  end  of  the  funnel,  aa  will  probably 
be  the  case,  is  about  the  level  of  the  bridge  or  Standard  compasses, 
and  not  many  feet  from  them.  An  instance  of  this  occurred  not  a 
month  since  in  Queenatown  harbour,  when  the  Standard  compass 
of  this  ship  was  affected  to  the  extent  of  3°  by  the  funnels  of  the 
pa.ssenger  tender.  Thus  an  apparently  trivial  cause  might  lead 
serious  results,  and  shews  the  necessity  for  being  continuaUtf 
the  alert 

It  is  now  necessary  to  go  back  a  little,  and  explain  the 
of  getting  at  the  correct  amount  of  Deviation  to  be  compensated 
by  the  vertical  pillar  of  soft  iron.  When  the  ship's  head  is  either 
East  or  West,  any  deviation  then  existing  arises  partly  from  Sub- 
permanent  magnetism  resident  in  the  bow  and  stern  (which  must 
be  compensated  by  a  permanent  steel  magnet),  and  partly  from 
the  induced  magnetism  of  vertical  iron  predominating  more  at 
one  end  of  the  ship  than  the  other.  This  latter  must  be  corapea- 
sat«d  by  a  like  cause  applied  in  the  opposite  directioiL  Thus,  if 
vertical  iron  situated  abaft  the  compass  pulls  the  needl«  towards 
it,  another  piece  of  vertical  iron  can  be  put  forward  of  the  com- 
pass to  pull  it  back  again  ;  or  it  may  even  be  placed  atafl  the 
compass,  on  the  same  side  as  the  disturbing  force,  if  the  deck 
fittings  will  permit  of  its  repelling  pole  being  placed  on  a  level 
with  the  card. 

It  has  been  shewn  that  an.  the  Magnetic  Equator  vertical 
ceases  to  be  magnetic,  and  is  consequently  powerless  to  affoct 
compass.      If,  then,  the  Deviation  be  ascei-iained  on  the  < 
poitils  when  tlie  ship  is  on  the  Magnetic   Equator,  it  it 
t/uit  it  cannot  be  diu:  to  vertical  iron.      It  must  bo  owing  either 
Sub-permanent  magnetism,  or  to  Relenlme  magnetism,  to  be 
plained   hereafter.      For   the  present   let  us  assume  that  it  ia 
Sub-permanent  only,  and  correct  it  by  a  steel  magnet ;  wliich  being 
done,  let  the  vessel  proceed  to  high  latitudes,  and  let  the  Dcviatios 
be  again  determined.     Then,  that  arising  from  Suh-permaaei 
magnetism  having  already  been  cured  on  the  equator,  and  beii 
moreover,  when  eompnuMl^,  not   sensibly   aflectcd   by   i 
of  geographical   position,   wo   know  that  whatever  now 
is  principally  duo  to  vertical  iron,  and  should  therefore  be 
roctcd  by  a  vertical  iron   pillar,  applied   as  alrea«ly   explaioecl' 
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In  practice,  the  experiment  on  the  equator  is  only  tried  on  the 
East  and  West  points,  as  vertical  iron,  from  its  symmetrical 
arrangement  in  the  ship,  seldom  disturbs  the  compass  on  the 
north  and  south  points. 

Again,  supposing  a  vessel  to  have  been  built  with  her  head  due  EHiMt  of  sblp 
North :  this  will  have  constituted  her  a  Sub-permanent  magnet,  Nortli. 
whose  axis  lies  exactly  fore-and-aft,  the  bow  being  the  red,  and 
the  stern  the  blue  pole.  When  such  a  ship  is  placed  head  Elast, 
the  red  bow  repels  the  needle,  causing  westerly  Deviation ;  and 
unless  she  proceeds  to  the  Magnetic  Equator,  there  is  no  way 
of  telling  how  much  of  it  arises  from  the  cause  just  mentioned, 
and  how  much  from  the  induced  magnetism  of  vertical  iron.* 

On  the  other  hand,  suppose  the  ship's  head  to  have  been  due  Effect  of  ibip 
East  when  building,  then  the  entire  port  side  would  be  Sub-perma-  JJit 
nently  red,  and  the  starboard  side  blue.  Now,  what  Deviation 
would  this  cause  when  the  ship's  head  was  East  or  West  at  any 
after  time  ?  None  whatever  !  Since  the  poles  of  the  ship's  Sub- 
permanent  magnetism  and  the  needle  itself  would  lie  in  the  same 
straight  line,  the  only  effect  wovld  he  to  diminish  or  increase  the 
directive  force  of  the  needle.  Nevertheless,  on  trial,  there  is  found 
to  be  large  Deviation  on  these  points.  If  so,  it  must  be  due  to 
masses  of  vertical  iron  situated  either  before  or  abaft  the  compass, 
according  to  the  direction  of  the  pull,  and  is  capable  of  easy  cure 
by  one  or  more  upright  pillars  applied  in  the  proper  manner. 

There   is  another   point  in   connection    with   the  diminished 'DixaAsMiM. 
directive  force  of  the  needle  which  should   not  be  overlooked ;  J^JJJ^ 
namely,  that  when  the  ship  is  steering  in  the  same  direction  as  singgiflii 
that  in  which  she  was  built,  the  compass,  when  uncompensated,     "^"'^" 
'will  be  both  sluggish  and  fickle.     Therefore,  every  master  of  an 
iron  ship  should  endeavour  to  learn  in  what  direction  his  ship  was 
built,  and,  when  sailing  on  that  course,  be  more  than  ever  on  his 
guard  against  the  seemingly  mysterious  pranks  of  his  compass. 

The  forward  wheelhouse  compass  of  the  as.  " "  com-  Bzampie  of 

manded  by  the  writer,  from  its  extremely  bad  situation,  affords  a  ^"^^^^ 
good  example  of  difficult  compass  correction.     Previous  to  adjust-  A<uiittiiimit 
ment,  this  compass — although   an  excellent  12"  liquid  one,  by 
Cairns  of  Liverpool — had  enormous  natural  deviations  Diagrams 
12  and  13,  drawn  to  a  scale  of  0"*3  to  the  foot,  shew  the  steps 
taken  to  correct  it. 


*  Thii  IB  the  extreme  case  (never  likely  to  occur),  which  is  put  to  give  more  point 
to  what  follows.    Ordinarily,  the  rule  given  in  the  footnote  on  page  845  would  be  used. 

Z 
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Separating 
Inductive 
and  Bub- 
permanent 
magnetlim. 


Iron  From  the  very  close  proximity  of  the  mainmast,  which  acted 

^JJJ^JJJ^  *  as  a  powerful  magnet,  it  was  evident  from  the  outset  that  strong 
measures  would  have  to  be  taken  with  this  compasa  Experiment 
shewed  that,  at  the  level  of  the  card,  which  was  below  the  "  neutral 
point "  of  the  mainmast,  the  latter  had  north  or  red  polarity,  and 
exerted  a  strong  repellant  action  on  the  needle. 

In  due  course  the  ship  was  swung,  and  her  natural  deviaiuma 
carefully  ascertained  all  round.  Having  been  built  with  head 
N.  68°  E.  (cm.),  the  deviation  on  north  should  have  been  twice 
and  a  half  as  much  as  that  on  east,  were  the  compass  undisturhtd 
by  vertical  iron*  Knowing  what  it  actually  was  on  both  these 
points,  it  became  a  comparatively  easy  matter  to  roughly  separate 
the  Inductive  from  the  Sub-permanent  Accordingly,  two  round 
bars  of  wrought-iron,  each  4"  in  diameter,  were  used  to  counteract 
the  mainmast.  The  after  one — 48"  in  length — was  let  down 
through  the  top  of  the  wheelhouse,  and  the  other — 42"  in  length — 
was  bolted  to  the  deck  just  abaft  the  mast. 

It  will  be  noticed,  on  looking  at  Diagram  No.  13,  which 
represents  the  ship's  head  in  an  easterly  direction,  that  the  north 
end  of  the  needle  was  forcibly  repelled  by  the  mast  Now  the 
npper  end  of  the  vertical  pillar  between  the  compass  and  the 
mast  strove  to  pull  it  back  again,  and  in  this  it  was  aided  by  the 
lower  end  of  the  pillar  abaft  the  steam-steering  wheel,  which 
rei)elled  or  pushed  it  back  in  the  same  direction.  The  distance 
of  these  pillars  from  the  compass  was  so  arranged,  that  when  in 
position,  they  about  compensated  the  deviation  due  to  the  in- 
ductive magnetism  of  vertical  iron ;  the  remaining  deviation  on 
the  east  and  west  points  was  corrected  by  two  IG"  steel  ma^^nets, 
tacked  on  fore-and-aft  ways  to  the  under  side  of  the  deck  aboi^ 
the  con4)ass.  The  deviation  on  the  north  and  south  was  com- 
pensated by  one  '30"  thwartshii)  magnet  tacked  on  to  the  outsiile 
of  the  forward  bulkhead;  and  the  Qnadrantal  deviation  (10*")  by 
two  cast-iron  cylinders  with  globular  ends,  something  like  the  old- 
fashioned  clock  weights,  each  being  12"  long  by  3 J"  in  diameter. 
Heeling  error.  This  formidable  array  of  magnets  reduced  the  huge  errors  of 
the  conii)ass  within  more  manageable  bounds,  but  afterwards, 
when  at  sea  and  the  shij)  listed  over,  the  heeling  error  was  exces- 
sive, and  had  to  be  compensated  in  the  usual  way,  by  a  ferticnl 
sied  magnet,  placed  exactly  under  the  centre  of  the  card  when  the 
vessel  was  upri_rht     Two  iron  ventilators  marked  V  were  also 
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removed.  Nevertheless,  this  compass  was  extremely  wild  and 
fickle  during  the  first  and  second  voyages,  and  although  it  after- 
wards behaved  somewhat  better  when  the  ship's  magnetism 
had  settled  down,  it  could  not  be  said  to  give  very  satisfactory 
results  at  any  time.  Of  course  the  builders  should  never  have 
placed  the  wheelhouse  in  such  a  ridiculously  unsuitable  place; 
but  being  there,  and  no  way  of  improving  matters  shorb  of  put- 
ting in  a  wooden  mainmast,  it  was  necessary  that  the  Captain 
should  know  how  to  make  the  best  of  a  bad  job. 

The  reader  will  perceive,  from  the  very  unusual  character  of  the 
conditions  named,  that  in  the  case  just  quoted,  the  amount  of 
deviation  to  be  compensated  by  the  wrought-iron  pillars  coUld 
only  be  approximately  inferred ;  and  it  is  probable  that,  if  ever  this 
ship  gets  down  to  the  Magnetic  Equator,  some  little  alteration  of 
these  arrangements  will  be  found  advisabla 

To  avoid  confusion  of  ideas,  it  has  been  considered  wise  to  leave  BetentiTe 
for  separate  consideration  that  part  of  the  ship's  magnetism  which  n»««a«ti"n« 
is  known  by  the  term  "  Retentive."     It  plays,  however,  a  very 
important  part  in  the  deviation  of  compasses,  and  will  be  foimd 
to  modify  to  some  extent  what  has  been  said  in  the  previous 
pages. 

It  has  been  stated  that  when  the  kitchen  poker  is  held  in  the 
"  Line  of  force,"  it  instantly  becomes  magnetic  ;  or  more  correctly, 
that  the  latent  or  dormant  magnetism  within  it  has  undergone 
excitation  when  held  in  that  particular  manner.  This  statement 
is  correct  so  far  as  it  goes,  but  it  is  necessary  to  supplement  it  by 
saying,  that  the  longer  the  poker  is  so  held,  the  more  magnetic  it 
becomes — up  to  a  certain  point.  Again,  when  the  poker  is  held 
at  right  angles  to  the  "  Line  of  force,"  it  loses  its  magnetism ;  but 
if  it  has  previously  stood /or  a  long  time  in  the  "Line  of  force,"  it 
will  not  lose  it  instantaneously,  but  will  require  a  longer  or 
shorter  period  to  get  rid  of  the  magnetic  charge,  according  to  its 
intensity,  and  the  quality  of  the  iron  in  which  it  was  excited — 
soft  iron  parting  with  it  more  readily,  and  vice  versa. 

Now  this  is  just  what  happens  when  a  ship's  head  has  been  in 
one  direction  for  a  long  time.  She  becomes  temporarily  mag- 
netised by  the  earth's  inductive  force,  and  this  action  is  intensified 
by  the  sea  striking  her ;  and  also,  in  the  case  of  a  steamer,  by 
the  tremor  imparted  to  the  hull  by  the  engines.  The  poles  of 
the  magnetism  are  of  course  parallel  to  the  Magnetic  Meridian. 
Thus,  if  the  ship  sailed  due  south  for  a  week  or  so,  her  stern 
would  acquire  red  and  her  bow  blue  magnetism — the  new  charge 
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being  superimposed  ua  what  nay  be  called  the  ship's   na 
magnetism,  and,  to  a  cert&in  extent,  iimsking  it. 

"Retentive"  magnetism  remains  for  a  considerable  time 
the  cause  is  removed — frequently  for  days — unless  the  directly 
of  the  ship's  head  be  exactly  reversed,  when  it  goes  more  quick] 
giving  way  to  the  opposing  influence  of  the  magnetism  proper 
the  new  direction  of  the  ship's  head. 

This  is  a  mott  iinportant  phage  in  the  magnetic  character  of  s 
ship,  and  any  one  who  chooses  to  investigate  it  will  »ee,  tfutt 
thU  reason  alone  an  Adjuster's  Deiiation  Table  is  comparativt 
worthless.    Thus,  if  a  ship  had  been  laying  up  in  a  dock — aa] 
head  south  for  several  months,  or   eveu  weeks — and  was   then 
most  carefully  adjusted,  and  replaced  in  her  original  beith  (o 
load  for  sea,  hut  with  her  head  in  the  reversed  direction,  it  would 
be  found  before  sailing  that  her  compasses   had   comparatively 
largo  deviations,  though  when  the  adjuster  left  the  vessel  a  fort- 
night previously  they  were  practically  free  from  error.     Every 
one  entrusted  with  the  navigation  of  an  iron  ship  should  ki 
this  fact  continually  before  him.     The  immediate  effect  of 
■  tuntive  magnetitm  upon  the  compass  of  a  ship  at  sea  is  to 
her,  on  a  change  of  courne,  to  deviate  invariably  in  the  dii 
of  the  last  one.    If  a  vessel  has  been  steering — let  ua  say  South- 
for  some  time,  and  is  then  hauled-up  West,  it  will  be  found  tl 
the  deviation  previously  existing  on  that  point  will  be  inci 
if  it  has  been  westerly,  and  diminished  if  easterly — the 
freqiifntlyaiitou,ntiHg  to  a  point  atid  upwards;  so  tliat,  unless  alio  1 
for,  she  will  infallibty  be  thrown  to  Uie  southward  of  her  intent 
course.     Even  in  shaping  a  fre.sh  course,  differing  only  a  couple 
of  points  from  the  last  one,  this  propensity  of  the  compass  must 
be  taken  into  account  according  to  circumstances,  as  it  vaiies  much 
in  different  ships,  and  in  different  compasses  on  board  the  same 

.hip. 

As  an  illustration,  we  will  take  the  case  of  the  lines  of  steaint 
running  constantly  between  Liverpool  and  New  York  or 
delphia.  On  the  outward  paswge  these  vessels  have  their 
in  a  westerly  direction  for  upwards  of  a  week,  and  consoqueutly 
the  poles  of  their  Hetentive  magnelitin  lie  to  starboard  and  port — 
the  red  pole  ou  the  starboard,  and  blue  pole  on  the  port  aide. 
The  tendency  on  subsequent  northerly  courses  will  be  to  throw 
the  ship  to  the  westward.  Thus,  entering  New  York  Bay  by 
the  south  channel,  the  Swa^h  Range  LighUi  come  in  one  beari[i}{ 
N.   W   W.  (CM.) ;   but   if,  when  in  one,  the  vessel  Uj  si 
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directly  for  them,  the  direction  of  her  head  by  compass  will 
probably  be  about  N.  33°  W.,  or  even  more  to  the  northward. 
The  same  effect  will  be  still  better  shewn  when  hauled  up  for 
Fort  Hamilton.  The  course,  keeping  the  Range  Lights  in  one 
astern,  is  N.  13J**  R  (CM.),  but  the  chances  are  in  favour  of  the 
vessel  having  to  steer  about  N.  23**  E.  by  compass,  or,  at  all  events, 
considerably  to  the  eastward  of  the  proper  coursa 

The  same  thing  occurs  in  the  Delaware.  From  Cape  Henlopen 
to  the  Brandywine  Lighthouse,  the  course — ^keeping  the  ranges 
in  one  astern — ^is  N.  2f  °  W.  (cm.)  :  it  is  quite  common,  however, 
to  steer  about  N.  12"*  K  by  compass.* 

On  the  homeward  passage,  these  steamers,  having  had  their  Effect  of 
heads  to  the  eastward  for  a  week,  get  magnetised  in  the  opposite  Sj^nettsm  ii 
direction.     It  is  the  port  side  which  now  has  red  magnetism ;  and,  iri>>i  Giuumei 
in  consequence,  when  hauled  up  at  Tuskar  for  the  Skerries  or 
South  Stack,  instead  of  steering  N.  58°  E.  (cm.),  they  have  gene- 
rally to  shape  a  compass  course  many  degrees  to  the  northward. 

As  the  effects  due  to  crossing  the  Atlantic  are  about  equal,  going  How  to  «iiiiii 
and  coming,  it  is  not  a  diflScult  matter  to  adjust  the  compasses  SiJ^toS^^ 
with  accuracy  for  the  ship's  Sub-permanent  magnetism  on  the 
North  and  South  points.  If,  for  example,  outward  bound,  with 
head  North  by  compass  in  the  Delaware,  the  deviation  is  found  to 
be  8**  westerly ;  and  homeward  bound,  with  head  North  outside 
Queenstown,  it  is  found  to  be  20**  easterly — the  amount  of  Sub- 
permanent  magnetic  attraction  to  be  compensated  by  the  thwart- 
ship  magnets  is  6**  easterly.  Accordingly,  at  one  or  other  of  these 
places  the  magnets  should  be  moved  to  shew  14**  of  deviation — 
westerly  in  the  Delaware,  easterly  at  Queenstown ;  and  this  amount 
would  then  he  solely  the  effect  of  Retentive  magnetism,  which 
would  quickly  disappear  if  the  circumstances  producing  it  were 
reversed. 

It  is  evident  that  were  it  due  to  Sub-permanent  mxtgnetiom^ 
it  could  not,  on  the  same  point,  be  easterly  at  one  time,  and 
westerly  at  another.  But,  in  making  these  observations  and 
corrections,  do  not  forget  that  the  ship  rnvst  be  perfectly  upright, 
or  the  results  will  be  vitiated.  From  half-passage  over  either 
way,  it  will  be  easy  to  adjust  on  the  East  and  West  points,  as  by 


^  In  TnuiB- Atlantic  Steamers  it  ib  a  good  plan  to  have  one  of  the  deck  compaBses 
adjusted  for  the  American  port  freqaented,  and  another  for  the  English  port.  The 
writer  keeps  his  Bridge  compass  adjosted  for  the  Delaware  inward-boand,  and  the 
Standard  or  Navigating  compass  for  the  Irish  Channel,  outward-bound. 
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that  time  the  Retentive  magnetism  due  to  steering  towards  tl 
North  or  South  will  have  disappeared. 

No  possible  amount  of  car«  or  scientific  knowledge  in  an  adji 
can  provide  against  Retentive  Magnetigm.  There  is,  however,  oi 
L,  dodge  by  whioh  its  effects  can,  in  some  minor  degree,  be  modified'' 
In  those  regular  liners  always  sailing  on  the  route  just  specifiwl, 
it  will  probably  be  found  useful  to  (wer-compensate  the  Qimdranlat 
deviation.  The  correctors  diminish  westerly  deviation  in  the  N.W. 
quadrant,  and  easterly  deviation  in  the  N.E.  quadrant ;  therefore, 
by  (M«r-eompeii8ation,  the  effect  of  the  Retentive  magnetism  would 
be  partially  neutralized  in  one  semicircle  of  the  conipa.ss  at  both 
ends  of  the  voyage ;  and  so  long  as  the  course  lay  within  that 
semicircle,  there  would  be  undoubted  advantage.  On  the  othec, 
hand,  those  liners  who  run  principally  in  a  North  and  South 
direction,  and  have  occasion  to  make  abrupt  changes  of  coursaj 
near  the  end  of  the  passage,  should  have  their  Quadrantal  devia^^ 
tion  «iMfer-conipensatod,  or,  if  small,  neglected  altogether. 

These  last  are  not  so  fortunately  situated  as  the  first  uiuned. 
since  the  application  of  correctors  for  Quadrantal  deviation  has 
not  only  the  effect  of  increasing  the  directive  force  of  the  needle, 
but  lessens  very  considerably  the  error  due  to  heeling."  Each 
one,  therefore,  must  judge  for  himself  how  far  these  suggestions 
are  suitable  to  his  own  particular  route  and  ship.  Pole  compasses, 
when  well  placed,  are  comparatively  exempt  from  the  effects  of  Re- 
tentive magnetism,  and  Masthead  compasses  are  almost  entirely 

Now  this  matter  of  Retentive  Tnagnetiam.  has  a  very  imgiortanti 
bearing  upon  compass  adjustment.  It  is  evident  that  if  its  effectS- 
get  mised  up  with  the  ship's  permanent  or  conr/enital  mognetisnk 
the  adjuster  will  be  compensating  something  which  would  ulti- 
mately have  disappeared  of  itself,  or  perhaps  have  taken 
opposite  name  This  is  another  reason  why  a  Deviation  Tabla 
cannot  be  trusted,  and  by  imparting  undue  confidence,  is  inor*| 
likely  to  lead  into  trouble  than  to  keep  one  out  of  it  It  shewa 
also  that,  before  the  Captain  of  a  ship  undertakes  to  metldle  with 
his  compasses,  he  should  be  tolerably  certain  that  they  are  frea 
from  this  fleeting  but  troublesome  error,  or  else  know  by  experienc* 
how  much  to  allow  for  it 

If,  soon  after  launching  and  masting,  a  ship  be  e :c per imen tall JT ' 
swung  for  compass  errors,  and  then  be  completed  for  sea  with  her 

*  Ttw  ijawJmiMl  d«TUtiiRi  in  kU  Uime  cu«  U  aupinacd  to  be  of  tba  kind  dug  to  Um 
■McSicieiil  +  1> ;  (hat  u,  mtvrl;  b  llw  H.K.  tad  S.W.  qiutdrMiU,  ud  tlu  ountruj 
ill  ibg  uther  Iwo. 
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head  in  the  opposite  direction  to  that  which  it  had  whilst  on  the 
building  slip,  it  will  be  found  on  next  swinging  her  that  a  wide 
discordance  will  exist  between  the  first  and  last  Deviation  Tables. 
Now,  as  already  stated  on  page  842,  an  iron  ship  becomes  a  magnet 
during  the  process  of  construction,  but  only  a  portion  of  the 
magnetism  thus  acquired  is  fixed  or  Permaneiit,  the  remainder  is 
Retentive ;  and  to  get  rid  of  this  surplus  charge  before  the  ^^ 
compasses  are  adjusted  for  sea,  it  is  highly  expedient  that  an  iron  AxUiutment 
vessel  should  have  the  direction  of  her  head  reversed  as  soon  as  ^Jl^^ 
possible  after  she  leaves  the  stocks,  and  kept  so  till  she  is  taken 
away  to  be  adjusted.  This  unfortunately  is  too  often  neglected, 
as  bmlders  generally  are  averse  to  the  trouble,  or  it  may  not 
always  suit  their  convenience  in  other  respects.  But,  seeing  its 
great  importance,  owners  ought  to  make  reversal  obligatory  by 
inserting  a  clause  to  that  efiect  in  their  specification,  for  instance, 
that  the  vessel  should  have  the  building  direction  of  her  head 
reversed  for  at  least  ten  days  previous  to  adjustment  When 
reversal  is  neglected,  the  adjustment  made  just  before  going  to  sea 
is  only  so  much  time  and  money  scattered  to  the  winds,  not  to 
speak  of  the  positive  danger  likely  to  accrue  from  the  omission  if 
the  vessel  should  have  a  beating  wind  and  thick  weather  when 
going  down  channel. 

The  writer  has  a  lively  remembrance  of  a  case  in  point.  Not 
a  hundred  years  ago  it  was  his  fortune  to  command  a  fine  new 
steamer,  which  the  builders,  in  spite  of  all  entreaty,  refused  to 
reverse  after  launching.  When  the  day  for  it  came,  the  adjust- 
ments were  carefully  made  by  himself  and  a  professional  of 
considerable  reputation.  The  vessel  then  started  on  a  trial  trip 
which  lasted  some  36  hours.  During  the  greater  portion  of  this 
time,  however,  the  writer  was  kept  briskly  on  the  move,  shifting 
magnets  and  readjusting  according  as  the  vessel  parted  with  her 
retentive  magnetism.  No  doubt  the  builder,  in  his  happy  igno- 
rance, thought  the  extra  fuss  was  all  a  "fad"  of  the  Captain's. 
Luckily,  throughout  the  trip,  the  weather  was  beautifully  dear 
and  the  sea  like  a  mirror,  but  had  it  been  thick  and  stormy,  that 
builder  might  have  left  the  ship  in  a  sadder,  if  not  a  wiser,  mood. 

The  Latin  proverb,  when  paraphrased,  tells  us  that  experience 
teaches  even  wise  men. 

The   numerous   lines   of  steamers  running  to   Eastern  ports  pacUitiM  for 
through  the  Suez  Canal  have  a  splendid  opportunity  for  adjust-  »<y««tmeiito 
ing  their  compasses  in  the  most  perfect  manner.      In  the  first  ■teamen, 
place,  between  Aden  and  Ceylon — a  distance  of  over  2000  miles — 
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they  are  steaming  nearly  due  east  on  ike  magnetic 
during  which  time,  of  cour,^,  vertical  iron  has  no  effect  whatever 
on  the  compass.     Therefore,  when  about  half  passage  over,  let  the 
ship's  Sub-pemianent  magnetism  be  carefully  compensated  with, 
fore-and-aft  magnets  of  steel  on  Blast  (cm.) 

As,  however,  the  deviation  existing  on  the  cast  course  may  1* 
due  partly  to  the  ship's  natural  maguetiani,  anJ  partly — though 
in  a  less  degree — to  the  Retentive  magnetism  picked  up  coming 
down  the  Canal,  Gulf  of  Suez,  and  Red  Sea,  it  will  be  proper,  at 
the  same  place,  on  the  return  passage,  to  ascertain  the  deviation 
on  the  West  point  Should  there  be  any,  it  ought  to  be  reduced 
one-half,  by  shifting  one  of  the  fore-aud-aft  magnets  in  the 
required  direction,  and  when  the  ship  gets  up  by  Beachy  Head  or 
Dover,  again  determine  the  deviation  on  the  East  point. 

It   may   now   be  pretty   largo,   and  if  not  mixed  up  wilk 
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injlxience  of  vertical  iron.  Now  is  the  time  to  place  t1 
upright  iron  pillar,  and  let  it  be  at  such  ft  distance  as  will  coaH^ 
pensate  aU  the  deviation  on  East,  unless  there  is  reason  to  believe 
that  some  of  it  arises  from  that  troublesome  Retentive  magnetism, 
in  which  case  allow,  aay,  a  couple  of  degrees  to  remun.  It  is  not. 
however,  likely  that  there  will  be  much  "  Retentive  "  left  by  the 
time  Beachy  Head  is  reached  ;  but  if  the  weather  is  fine,  you 
make  tolerably  sure  by  yawing  the  vessel  right  off  to  South 
20  minutes  or  half-an-hour — going  slow — and  then  putting 
on  East  (cm.)  to  be  adjusted. 

Should  the  iron  pillar  be  made  to  bolt  to  the  deck  on  which 
binnacle  rests,  it  will  be  merely  necessary  to  move  it  nearer  to  or 
further  from  the  compass,  till  the  ship's  head  points  to  East  (cx.) 
by  compass  as  well  as  by  Pelorua,  But  if,  as  recommended,  the 
pillar  has  been  made  to  let  down  through  the  Jock,  you  most 
ascertain  beforehand  the  effect,  at  various  distances,  produced  hj 
it  on  this  particular  compass,  taking  care  that  the  experiment  m 
made  in  the  same  magnetic  latitude  aa  that  in  which  it  ia  in- 
tended to  thip  the  pillars. 

When  the  writer  was  in  the  s.s.  "  Citt/  of  Mecca,"  this  plan  wiB 
adopted   with   complete   success.      Tlie   deviation   on   East  was 
ascertained  off  Dover,  and  noted.     On  arrival  in  London,  a  rotmd 
wrought-iron  pillar,  5  feet  long  and  4J  inches  in  diameter,  wi 
procured,  and  its  inductive  power  tested  as  follows.     The  com] 
(12-inch  card.  4  needles)  was  taken  on  shore  in  the  S.W.  Indl 
Dock,  and  placed  on  some  cotton  bales,  at  such  a  height   thi 
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the  pillar  stood  a  couple  of  inches  above  the  level  of  the  needles. 
As  soon  as  the  card  had  ceased  vibrating,  a  piece  of  marline  was 
stretched  across  the  centre  of  the  compass  in  an  east  and  west 
direction,  and  made  fast.  The  iron  pillar,  which  had  purpoady 
been  left  standing  on  end  for  some  hours,  was  next,  with  the 
assistance  of  an  impromptu  plumb-line,  placed  vertically  under 
the  marline,  in  which  position  it  was  of  course  at  right  angles  to 
the  direction  of  the  needles,  and  consequently  exerting  its  greatest 
influence.  Having  measured  the  distance  of  the  pillar  from  the 
compass — centre  to  centre — and  noted  the  effect  produced,  it  was 
advanced — still  under  the  marline — a  little  nearer,  the  measure- 
ment repeated,  the  effect  again  noted,  and  so  on. 

The  following  shews  the  results,  and  may  be  useful  to  others  uagnetio 
under  similar  circumstances,  but  only  as   a  rough  guide,  since  ^J]?!®'*"** 
different  qualities  of  iron,  and  a  different  construction  of  compass, 
may  increase  or  diminish  the  values  here  given. 

Distance.  Effect. 

ft.    In.  o 

7    6 None, 

6    7i li 

4    7i 3 

3    6i 6i 

2    S!i Ill 

1  Hi .26 

Having  by  this  method  determined  the  distance  at  which  the 
pillar  would  compensate  the  amount  of  deviation  ascertained  off 
Dover,  a  hole  was  bored  in  the  deck  at  the  same  distance  from  the 
compass,  and  the  pillar  let  down  until  its  upper  end  stood  about 
two  inches  above  the  level  of  the  card,  and  the  heel  rested  on  a 
strong  wooden  cleat  or  bracket,  screwed  to  a  bulkhead  below. 
The  partners  were  then  wedged  up  with  soft  wood,  and  a  duck 
coat  put  on  over  all,  and  painted,  to  preserve  the  pillar  from  rust 

This  compass  was  sworn  by  ever  after,  so  perfect  was  its 
behaviour. 

To  adjust  compasses  on  the  North  and  South  points,  there  is  a  i^justinff  on 
capital  place  for  these  eastern-going  ships  in  the  Suez  Canal.  25jS  J?^ 
Just  after  leaving  Port  Said,  there  is  one  unbroken  "straight"  ofsiiMiOaiua. 
26  miles,  the  Correct  Magnetic  course  down  which  is  S.  4°  W.  the 
whole  way ;  and  as  the  speed  in  the  Canal  rarely  exceeds  7  knots, 
there  will  be  3^  hours  available  for  adjusting.     It  is  true  the 
vessel's  head   cannot  be   put  exactly  on  South  (cm.);  but  if  the 
thwartship  magnets  are  placed  to  make  the  compass  show  S.  4**  W. 
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when  the  vessel  is  poiating  straight  down  tbe  Canal,  this  will  be 
found  quite  near  enough. 

The  next  matter  is  how   to  get  rid  of  the  ReieMive  magnetu 
acquired  whilst  steaming  on  Eiisterly  courses  in  the  Meditorraneai^ 
which  will  naturally  produce  its  greatest  temporary  effect  noT 
that  the  vessel's  head  is  South,  or  at  right  angles  to  its  former 
direction. 

It  is  usual  to  coal  at  Fort  Said  ;  or  if  a  steamer  arrives  late  in 
the  afterDDon,  it  is  seldom  that  she  can  proceed  before  the  next 
morning.  If,  during  this  unavoidable  detention,  the  pilot  can  be 
prevailed  upon  to  put  the  vessel  into  the  Ismail  Baain,  she  wilt 
there  head  to  the  N.W. ;  or  in  the  opposite  direction,  to  the 
courses  steered  down  from  Multa;  and  will  be  almost  sure  to  Iiav», 
lost  all  her  Iteteiitive  magnetism  before  the  following  morning.        j 

Even  should  it  be  found  impossible  to  get  the  ship's  head  io. 
this  dijBction,  the  ordinary  berth  for  waiting  steamers  runs  about 
S.W.,  or  some  10  points  from  her  last  course,  which  will  go  ft  long 
way  to  remove  the  unwelcome  visitor.  If  in  any  doubt,  however, 
the  compasses  can  again  be  tried  on  South,  when  emerging  from 
the  Canal  into  Suez  Bay,  by  which  time  they  will  certainly  be  free 
from  the  effects  of  the  "  Re  tentive "  acquired  on  Easterly  courses.' 

The  compas.s  has  now  beon  corrected  on  the  cardinal  pointa,  but 
iw5Sti^n«  ^^^'-''^  '^  y®''  ^''^  Qitftilrautal  dcviaiion  to  deal  with.  Fortunately, 
affeoted  by  in  Hue  case  the  presence  of  any  amount  of  Reletttiiv  maffiieliatn  dties 
EetenUTB  ^^^  Signify  in  the  slightest  degree.  At  auy  convenient  time  or 
place,  steam  the  ship  right  round  the  circle,  steadying  her  sutfi' 
ciently  long  on  N.E.,  S.E.,  S.W.,  and  N.W.,  by  comjxies,  to  get  tb» 
deviation  on  theBc  points  with  accuracy.  Mark  easterly  deviatioa 
by  the  plus  (+)  sign,  and  westerly  by  the  minus  (  —  )  sign, 
then  proceed  as  follows; — liewree  the  sign  of  the  deviation 
observed  on  S.E.  and  N.W.,  then  add  together  those  which  liava 
the  same  sign ;  take  the  difference  between  the  two  dissimilur 
quantities  thus  found,  and  pretix  the  sign  of  the  greater.  Divid*] 
this  difference  by  4,  ivtaining  its  sign,  and  the  result  will  be 
Quadranial  detiiation,  which,  in  its  natural  state,  without  correctoi 
will  nearly  always  be  +  ia  name ;  and  as  it  is  due  to  homonlal' 
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iron,  will  retain  the  same  value  in  any  latitude,  unless,  indeed,  the 
construction  of  the  vessel  be  materially  altered,  or  large  quantities 
of  iron  be  shipped  as  cargo.  The  following  example  is  taken  from 
the  Record  of  the  "  British  Crown's  "  compasses. 

Belfast  Lough.    Monday,  6/10/79. 

The  natural  deviation  on  N.K  was  -  6^,  on  S.E.  -  62',  on  S.W.  +  32*,  and  ^ow  to  asoer 

on  N.W.  +  48°.  tain  amoimt 

^  94*  of  Quulnuita 

_  54  Deviation. 


N.E.    -    e** 

N.W.  -  48  sign  reversed. 


-  64^ 


S.E.  +  62°  sign  reversed, 
aw.  +  32 

+  94° 


4)  +  40 

_Qaadrantal 


+  10       deviation 


To  compensate  it ;  if  the  sign  is  +  as  in  the  example,  put  the 
ship's  head  the  same  number  of  degrees  to  the  left  of  N.E." as  the 
value  of  the  Quadrantal  deviation ;  and,  keeping  her  exactly  in 
this  direction  by  the  aid  of  some  other  compass,  place  the  cor- 
rectors, and  move  them  closer  to,  until  her  head  is  N.E.  by  the 
compass  under  treatment.  Ships  are  so  seldom  found  having 
Quadrantal  deviation  with  a  —  sign,  that  it  is  unnecessary  to 
enter  upon  its  compensation. 

Although  the  Quadrantal  error  is  rarely  large  in  amount,  like  Qnadrantai 
the  Semicircular,  it  is  for  many  reasons  very  important  that  it  °^®'J  •"'^^*'* 
should  be  corrected.     Not  the  least  is  the  fact,  that  for  the  same  semidroniar 
amount  of  maximum   error,   the   Quadrantal  changes  twice  as  ^'*®^****®"' 
rapidly  as  does  the  Semicircular  error ;  and,  therefore,  a  Quad- 
rantal error  of  10°  is  much  more  embarrassing  than  a  Semicircular 
error  of  the  same  amount.     The  true  significance  of  this  will  be 
seen  when  it  is  explained  that  a  Quadrantal  error  of  10°  implies 
a  rapid  change  in  the  deviation  of  the  compass,  amounting  to  as 
much  as  half  a  point,  with  so  small  a  change  as  a  point  and  a  half 
in  the  ship's  course  from  one  side  to  the  other  of  any  of  the  four 
cardinal  courses.     Imagine  the  diffixyalty  of  trying  to  steer  by  such  a 
compass! 

This  concludes  the  adjustment  of  a  ship  on  even  beam,  in  which 
only  the  pull  of  the  horizontal  portion  of  the  ship's  magnetism 
has  duly  been  considered.  Some  iron  vessels,  however,  have  HMUngeiTor 
excessively  large  deviations,  due  to  magnetic  force  hdow  the 
compass,  since  the  poles  of  the  ship's  magnetism  can  only  lie  in 
the  horizontal  plane  in  such  ships  as  have  been  built  on  or  near 
the  magnetic  equator.  Vide  page  342.  This  heeling  error  has 
been  known  to  amount  to  as  much  as  2°  for  every  V  of  heel.  It 
is  greatest  when  the  ship's  head  is  on  the  North  or  South  points. 


and  becomes  reduced  to  a  very  small  quaiility  on  East  or  Weet 
Thus  a  ship  changing  her  heel  from  10"  port  to  10'  starbo&rJ. 
may  change  her  deviation  as  much  as  40",  which  no  one  will  deny 
is  a  very  serious  matter.* 
oompanuuon  It  ia  seldom  or  never  possible  to  list  a  ship  in  dock  to  asc«rtun 
Medifc"^  ^^^  peculiarity  in  this  respect,  as  doing  so  costa  too  much  time 
and  money  in  these  days  of  rapid  movements  and  economy ;  but  it 
may  be  approximately  arrived  at  in  another  and  much  easier  way. 
Get  an  optician  o/  repute  to  make  you  a  delicately  poised  "Dipping 
needle,"  mounted  on  a  suitable  stand,  carrying  a  couple  of  spirit 
levels,  and  protected  with  a  glass  cover.  Let  the  needle-point 
traverse  a  vertical  scale  of  degrees,  and  be  fitted  with  a  small  slid- 
ing balance  weight,  so  that  whatever  part  of  the  world  you  may 
be  in,  by  moving  the  weight  you  can  set  the  needle  to  zero  of 
the  scale,  when  the  spirit  levels  indicate  that  the  instrument  is 
perfectly  horizontal.f  Now,  to  teat  the  vertical  force  of  the  ship 
on  any  compass,  take  your  "  Dipping  needle  "  on  shore,  in  a  ^wf 
free  from  Local  Attraction,  and  adjust  it  to  zero:  then,  rcturaiDg 
on  board,  remove  the  compass,  and  put  the '"  Dipping  needle"  in  its 
placo,  bedding  it  up  with  wood  or  otherwi.se  until  it  is  perfectly 
levelled,  and  occupies  ej:a(ilj/  the  same  position  and  direction  the 
compass  needles  did.  Then,  it  it  bo  found  deflected  from  zei 
it  shews  the  existence  of  vertical  magnetic  force  betoiv  the  coi 
pass,  commensurate  with  the  amount  of  such  deflection.  This 
can  be  compensated  by  inserting  a  vertical  steel  magnet  in  a 
suitable  receptacle,  directly  underneath  the  very  centre  of  the 
instrument ;  which  magnet  is  to  be  slid  up  or  down  till  the  point 
of  the  "  Dipping  needle"  again  rests  at  0°,  when  it  is  to  be  secured 
in  place,  and  the  compass  returned.  Generally  it  is  the  red  pole 
of  the  magnet  which  requires  to  be  uppermost,  but  this  ia  very 
easily  seen  on  trial. 

This  is  a  very  important  adjustment  in  all  ships,  but  more 
especially  in  those  whose  cargo  is  largely  composed  of  iron;  aui] 
as  it  is  certain  that  such  vessels  cannot  be  heeled  every  voyage, 
owing  to  the  unceasing  hurry-scurry  in  mercantile  afl'iurs,  such  a 
simple  and  inexpensive  mode  of  eflecting  it  should  not  be  neglected. 
Unfortunately,  this  adjustment,  as  at  present  effected,  only  bolJa 
good  for  the  Magnetic  Latituile  in  which  it  is  made. 
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The  vertical  force  below  the  compass  is  compounded  of  Induced 
as  well  as  Sub-permanent  magnetism ;  and  we  have  shewn  that 
these  require  different  treatment,  inasmuch  as  the  transient  in- 
duced magnetism  of  soft  iron  cannot  be  satisfactorily  compensated 
by  permanent  steel   magnets.     Moreover,  iron  which  was  hori-  A^jiutment 
zontal  with  the   ship   upright,  partakes   also  of  the  nature   of  JJ^^^J!£ 
vertical  iron  when  she  heels  over,  which  at  once  introduces  aK<>o*^™*8 
fresh  disturbing  element     This  adjustment,  therefore,  can  only  be  in  wbiob  it 
considered  reliable  in  such  foreign-going  vessels  as  the  Atlantic  ^"^  ™»de. 
liners  before  alluded  to — which,  in  the  run  from  the  United  King- 
dom to  New  York,  are  all  the  time  practically  in  the  same  Mag- 
netic Latitude,  the  difference  not  amounting  to  3°. 

To  see  what  a  great  advantage  a  vessel  has  whose  heeling  error  idTantaget 
is  compensated  over  another  where  it  is  not  so,  just  suppose  them  JJ^J^^. 
to'be  on  northerly  or  southerly  courses  in  a  rough  beam  sea.  In  peMAtion. 
the  one  case,  each  time  the  ship  rolls,  the  vertical  magnetic  force 
below  the  compass  will  come  out  now  on  one  side,  and  now  on 
another,  caasing  the  card  to  be  alternately  pulled  to  starboard  and 
port  at  every  roll ;  and  should  this  pull  happen  to  coincide  with 
the  period  of  vibration  due  to  the  motion  of  the  ship,  the  swing 
of  the  card  will  he  so  great  as  to  render  it  perfectly  useless.  In  such 
cases,  a  man  ignorant  of  the  science  of  compass  adjustment  will  be 
almost  ce/tain  to  attribute  the  excessive  swing  to  some  inherent 
faidt  of  the  compass,  and  inwardly  curse  the  maker.  On  the  other 
hand,  the  properly  compensated  compass  will  remain  comparatively 
steady  under  all  circumstances,  and  any  little  swing  will  be  due  to 
purely  mechanical  causes.  In  the  latter  case,  the  swing  may  be 
lessened  by  affixing  deep  wings  of  talc  to  the  under  side  of  the  card, 
on  its  outer  edge.  These  will  help  to  steady  it,  by  their  resistance 
to  the  air. 

In  diagram  No.  14,  facing  this  page,  let  V  in  each  of  the  figures 
represent  the  vertical  component  of  the  ship's  magnetism,  and 
its  effect  on  the  compass-needle,  when  the  vessel  rolls,  will  be 
easily  understood.  B  represents  the  deck  beams,  C  the  compass, 
and  M  the  compensating  magnet. 

It  has  already  been  shewn  how  necessary  it  is  that  the  ship's 
magnetism,  causing  the  deviation  on  East  and  West,  should  be  re- 
solved  into  its  constituent  parts,  and  each  compensated  by  the 
means  suitable  to  it ;  but  to  impress  it  more  vividly  on  the  mind, 
just  consider  what  happens  when  this  has  been  neglected. 

Take  the  case  of  a  southern-going  vessel,  having — say  5  points  Reinitof  im- 
natural  deviation  on  East,  3  of  which  are  due  to  vertical  iron.  Jwatt^" 
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The  adjuster  having  no  time  given  him  to  sift  the  matter,  com- 
pensates all  5  points,  in  happj-go-lnckj  fashion,  by  means  of 
permaiunt  steel  magnets,  and  so  the  compass  is  rendered  cc^rect 
for  the  time  being.  Bnt  as  the  vessel  goes  sonth,  the  vertical  iron 
loses  its  power  over  the  compass,  and  on  the  Magnetic  Equator 
exerts  none  whatever ;  the  steel  magnet,  on  the  contrary,  ia  as 
strong  as  before,  and  having  now  all  its  own  way— {Uq>py 
Magnet !  0 — caoses  an  error  of  three  points.  By  the  time  tiie 
vessel  has  got  oflF  Cape  Horn,  vertical  iron  has  again  become 
strongly  magnetic,  but  now  with  reversed  poles,  so  that  it  pulls  m 
the  same  direction  as  (he  steel  magnet,  and  both  acting  together,  cause 
6  points  of  dei'iation,  Not  only  is  this  large  error  a  tronble 
in  itself,  but  the  dii^ctive  force  of  the  needle  is  so  reduced  as  to 
make  the  compass  sluggish,  and  almost  worthless  to  steer  by. 

Many  uninformed  men  in  this  fix  take  up  the  magnets  alto- 
gether, which  certainly  may  mend  matters,  but  won't  core  them. 
They  even  eye  the  magnets  themselves  as  something  dangerous, 
actuaUy  throw  them  overboard,  are  rather  proud  of  the  exploit^ 
and  boast  of  having  done  so  to  their  nautical  chuma 

If  ignorant  of  the  principles  of  compass  adjustment,  the  more 
rational  plan  would  be  to  tie  the  magnets  together  in  pairs  of 
equal  size — the  red  end  of  one  touching  the  blue  end  of  the  other 
— and  consign  them  to  the  forepeak,  or  the  carpenter  s  storeroom. 
When  so  fastened  together,  they  retain  their  magnetic  force  un- 
impaired, while  they  effectually  neutralize  each  other's  action, 
and  so  cannot  play  tricks  with  a  compass  or  chronometer,  should 
they  accidentally  be  placed  near  them.  In  this  way  they  will  be 
really  for  use  when  next  required,  and  the  expense  of  buying 
others  will  be  saved. 

Before  adjusting  a  new  vessel,  it  is  advisable  to  swing  her  on 
the  eif,^ht  principal  i)oints  by  each  compass,  and  ascertain  the 
Co-efRcients,*  which,  when  recorded,  are  afterwards  useful  in  con- 
nection with  the  magnetic  history  of  the  ship ;  but  with  three  or 
four  compasses  the  process  is  a  tedious  one,  occuppng  at  least  a 
whole  day,  irrespective  of  the  time  required  at  the  finish  for  put- 
ting down  the  magnets ;  and  it  is  only  in  rare  cases,  such  as  yachts, 
or  men-of-war,  where  time  is  of  less  importance,  that  this  woxild 
Ik?  practicable.  When  the  natural  errors  are  not  too  large,  time 
may  Ixi  saved  and  several  swin^i^in^s  avoided,  by  the  use  of 
Na[)ier's  dia^^ani,  but  extreme  cases,  which  often  occur  in  practice, 
cannot  1m*  treated  this  way. 
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Enough  has  been  said  to  convince  anyone  that  reliable  compass 
adjustment  is  beset  with  diflSculties,  and  cannot  be  lightly  under- 
taken.     What  dependence,  then,  can  be  placed  on  the  hurried  Ckwarative 
performance  which  is  daily  witnessed  in  some  of  our  largest  ports,  of  DeviaUon 
when  a  lot  of  magnets  are  slapped  down  as  the  vessel  leaves  the  ^^^*'*"* 
dock  gates,  and  a  Deviation  Card  handed  to  the  Captain  worth 
little  more  than  the  paper  it  is  written  on  ?    This,  however,  is 
seldom  or  never  the  Adjuster's  fault,  but  is  the  residt  of  a  vicious 
system  against  which  conscientious  men  dare  not  shew  fight,  since 
less  scrupidous  competitors    are    ever    ready    to    step    in    and 
adjust  (?)  in  half  the  time,  if  necessary,  and  for  half  the  money. 
Strange  to  say,  any  one  with  suflScient  money  or  credit  to  rent  a 
shop  can  style  himself  a  Compass  Adjuster,  as  no  Government 
test  "exam."  is  required;  so,  for  legal  purposes,  Tom,  Dick,  or 
Harry  suit  equally  well. 

In  the  course  of  a  voyage,  many  opportunities  present  them- 
selves for  adjusting  or  forming  a  Deviation  Table,  and  such 
chances  should  be  carefully  sought  for  and  utilized.  The  man 
responsible  for  the  navigation  of  an  iron  vessel  cannot  be  too 
zealous  in  this  respect. 

The  ports  of  Callao,  Bahia,  Calabar,  Aden,  Madras,  Colombo,  Port*  <» 
and  many  others,  are  practically  on  the  magnetic  equator,  and  Equator, 
ships  lie  at  anchor  in  them  for  weeks,  during  which  their  captains 
might  perfect  the  Sub-permanent  and  Quadrantal  portion  of  the 
adjustment ;  and  be  prepared  to  complete  it,  as  already  explained, 
on  return  to  high  latitudes 

This  being  satisfactorily  accomplished,  and  the  adjustment  being 
in  all  respects  caiTied  out  in  conformity  with  the  foregoing  rides, 
it  is  strongly  recommended  not  to  fiddle-faddle  afterwards  with 
the  magnets,  in,  what  would  only  be,  vain  attempts  to  correct  the 
subsequent  comparatively  small  errors  sure  to  ainse  from  time  to 
time.  Unless  the  vessel  be  new,  or  has  had  alterations  made 
affecting  the  compass,  these  errors  will  be  due  entirely  to 
Retentive  Magnetism,  over  which,  from  their  "come-and-go" 
character,  it  is  impossible  to  exercise  any  permanent  control. 

To  keep  a  compass  exactly  correct  at  all  times  and  places,  the 
magnets  would  have  to  be  everlastingly  shifted  about,  than  which 
— it  is  almost  needless  to  say — nothing  could  be  more  injudicious. 

The  proper  way  to  circumvent  the  diflSculty  is  to  keep  a 
Compass  Record  in  some  such  form  as  that  given  on  page  879. 
This  particular  one  is  kept  in  stock  by  the  publishers  of 
"  Wrinkles." 
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WhcD  the  writer  was  in  the  service  of  the  P.  S.  N.  Ca,  and  o 
to  touch  regularly  at  a  couple  or  three  dozen  ports  on  the  round 
trip,  it  was  hia  practice  to  avail  himself  of  the  natural  marks  for 
swinging  ship  to  be  found  in  many  of  the  harboura.  For  example, 
when  at  anchor  in  a  port  like  Rio  de  Janeiro,  it  is  easy  to  ascertain 
the  correct  magnetic  bearing  of  a  distant  object,  such  as  a  moun- 
tain peak,  well-dedned  liill  top,  or  small  island,  by  taking  its  trtu 
bearing  off  the  harbour  plan  with  a  Field's  Parallel  Ruler,  and 
applying  to  it  the  coiTccted  variation.  The  difference  between  this 
and  the  compass  bearing,  as  the  ship  swings  round  to  wind  or  tide,  'n, 
of  course,  the  Deviation  for  the  particular  point  on  which  the  ship's 
head  may  be  at  time  of  observation.  Tliis  method  is  independent 
of  the  sun,  which  will  not  always  show  itself  when  wanted,  and 
in  the  tropicn  may  have  too  high  an  altitude  to  be  serviceable; 
with  the  additional  advantage  that,  as  the  bearing  of  the  objeet  u 
constant,  no  calculation  is  necessary. 

In  Rio,  the  steamers  of  the  P.S.N.  Company  invariably  anchoreil 
off  the  small  island  of  jVfocangu^,  which  was  their  coaling  station. 
F'rom  this  position,  the  conspicuous  peak  of  Tijuca  (3,316  feet 
high)  bore  S.  66"  W.  correct  magnetic,  distant  flj  miles,  and  was 
therefore  fairly  adapted  for  this  purpose.  A  remarkable  peak  in 
the  Organ  Mountain.^,  from  its  greater  distance,  was  a  better  object, 
and  could  be  used  indifferently  with  Tijuca,  when  one  or  other 
happened  to  be  shut  oat  by  the  masts  or  funnel.  This  last  peak 
was  not  laid  down  on  the  harbour  plan  ;  but  its  bearing  waa  ascer- 
tained in  the  simplest  manner  by  tneivly  taking  the  horisontnl 
e&etant  angle  bftweai  it  and  Tijuca." 

At  this  anchorage  a  couple  of  excellent  transit  marks  an  alfio 
available  for  compass  work.  On  the  eastern  side  of  the  harbour  an 
two  forttt,  viz.,  Oravata  and  Santa  Cruz.  Their  western  faces  are  in 
one  on  tlie  bearing  of  due  South  CM.;  and  lit  the  same  line,  and  clooe 
to  the  anchorage,  is  a  low-lying  rock  off  the  SW,  corner  of 
MocangUil 

The  lighthouse  on  Raza  Island,  in  transit  with  this  rock, 
bears  S.  U^°  W.,  an.  As  the  ship  swings  to  wind  and  tide,  one 
or  other  of  these  two  transit  marks  is  pretty  sure  to  be  "  on ;"  but 
in  any  case  a  good  eye  can  always  estimate  the  diffcrtjiice  wbea 
they  happen  to  be  a  little  open  of  each  other.  Whether  in  trmnnt 
or  not,  be  sure  and  observe  the  bearing  of  the  Utck  object. 


ikDijIe  exceed  the  Uniite  of  four  neKUnt,  it 
intarmcduita  objeol  I/ing 


I 


HOW  TO  GET  CORRECT  BEARING,  369 

Should  the  navigator,  however,  not  be  provided  with  a  large 
scale  plan  of  the  harbour,  or  the  sun  not  be  visible,  the  mean  of 
two  bearings  on  East  and  West  by  compass  will  give  the  corr.  mag, 
bearing  of  the  distant  object.     The  old  advice  on  this  subject  was  How  to  obtain 
to  observe  the  compas*  bearing  on  every  point  as  the  ship  swung  ]^J[^2!g'of  1m 
round,  dividing  by  32  to  get  the   required   CM.   bearing;   but o^J«ct fifoja 
Towson*  has  shewn  conclusively  that  the  first  method  is  more  bearing, 
correct,  as  well  as  more  convenient     Thus,  if  with  head  west  by 
compass,  the  observed  bearing  is  S.  81°  W.,  and  with  head  east  it 
is  N.  63**  W.,  we  have 

N.  99*^  W. 


2)  162' 


Corr.  mag.  bearing  of.    .    .  K  81°  W.    .    .    distant  object. 

Should  the  sun  be  visible,  there  is  a  very  correct  mode  of  find-  how  to 

ing  the  required  bearing,  which  can  be  put  into  practice  whenever  ohtain. 

there  is  a  true  sea  horizon.      In  a  confined  harbour  this  may  be  true  bearing 

obtained  from  a  boat  alongside,  if  the  shore  line   is  not  nearer  ®'  ^Ji^^w^t 
'^.  t^  ^  object. 

iJian  IJ  miles. 

Measure  with  the  sextant  the  oblique  angular  distance  between 
the  sun's  nearer  limb  and  the  object  selected,  taking  a  point  at 
the  water-line  (imaginary  or  otherwise)  vertically  under  the  latter. 
At  the  same  instant  let  another  observer  take  the  sun's  altitude 
in  the  usual  way,  and  note  the  tima  Then,  neglecting  minor 
corrections,  proceed  as  follows : — Find  the  sun's  true  altitude  by 
Table  IX.  of  Norie.  Add  16'  to  the  observed  angular  distance, 
to  reduce  it  to  the  sun's  centre.  Next,  from  the  log.  Cosine  of 
the  distance  subtract  the  log.  Cosine  of  the  altitude,  and  the 
result  will  be  the  log.  Cosine  of  the  horizontal  angle  between 
the  sun's  centre  and  the  object     Thus  : — 


Example  I. 

Corrected  angular  distance  .     76  40    .     Cosine    .    9  3629 
©'s  true  altitude      ....    28  10    .     Cosine    .     9*9453 


Horizontal  angle  1         _",   <  ,-,    .  „.,,-„ 

between  S  ana  object   /=      ^4  50    .    Cosine    .    9-4U6 


Page  124.    2nd  Kd. 
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Example  IL 


o       / 


Corrected  angular  distance  .    98  20    •    Cosine    .    9*1612 
0's  true  altitude     ....    30  10    •    Cosine    .    9'936& 


80  21    .    Cosine    .    9*2244 
180 


Horizontal  angles    •    .    .    99   39'  between  ®  and  object 


Arloa— 
faolUttoifor 
Oompaif 
A(Uastmo]it. 


In  the  last  example  the  angular  distance  exceeds  90^  and  it  is 
therefore  necessary  to  take  the  supplement  of  what  would  other- 
wise have  been  the  required  horizontal  angle.  The  sun's  true 
bearing,  at  the  time  the  observations  were  made,  having  been 
found,  either  by  the  "Red  Book**  or  the  old  alt-azimuth  problem, 
ap[)ly  to  it  the  horizontal  angle  just  obtained,  and  you  get  the  true 
bearing  of  the  object.  To  this  apply  the  corrected  variation  at 
place,  and  you  have  the  desired  cott,  mag,  bearing  with  even 
more  than  the  necessary  precision.  The  three  log.  cosines  make 
this  problem  easy  to  remember.  To  ensure  an  accurate  result,  the 
angular  distance  must  be  at  least  double  the  sun's  altituda 

Captains  of  vessels  plying  regularly  to  certain  ports  might  keep 
a  memorandum  of  the  CM.  bearings  of  distant  peaks,  &c.,  as  seen 
from  the  anchorage  they  frequent.  Thus  at  Arica,  in  Peru,  there 
are  several  capital  marks,  as  under  : — 

Morrodc  Saina X.  591"  W.C.M.  (distant  41  milesX 

Notch  Peak  N.  13j'  W.    „ 

Left  Peak N.  20i"  E.     „ 

Right  Peak  N.  23^^  E.     „ 

Sajama  N.  53|«  E.     „ 

Centre  of  Table  Mount  ...  N.  SOi**  E.    „ 

These  bearings — which,  from  there  being  no  appreciable  annual 
change  in  tlie  variation  at  this  part  of  the  coast,  will  hold  good 
for  an  indefinite  time — were  determined  at  anchor,  with  the  new 
mole  S.K  \  E.  (cm.),  3}  cables  distant ;  but  from  the  great  distance 
of  these  mountains,  the  ship  might  shift  her  position  very  consider- 
ably without  affecting  the  bearings.  Taking  the  Morro  de  Sama 
— one  of  the  nearest — a  vossol  would  have  to  shift  her  berth  j  of 
a  mile  at  rujld  anrjhs  to  its  line  of  dirf'rtion  before  causing  an 
alteration  in  tlie  bearing  of  even  1".  Therefore,  to  adjust  com- 
passes, a  vessel  might  steam  slowly  round  the  Bay.  Here  the 
Pelorus,  or  Sir  W.  Thomson's  Azimuth  Mirror,  would  come  in 
tip- top. 
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At  Plymouth,  the  Admiralty  have  a  couple  of  mooring  buoys  Piymontii— 
just  inside  the  breakwater,  which  are  specially  provided  to  swing  JJ^JJ^J^^" 
men-of-war.      From   the    eastern  one,  Sheepstor — a  hill  eleven  BwingtofifiWp 
miles  inland — bears  N.  45"*  E.  (c.M.),  and  from  the  western  one 
N.  47°  E.  (cm.)     As  a  general  rule,  when  at  single  anchor  in  a 
tideway,   the   distance  of  a  selected   object  should  not  be  less 
than  10  miles ;  but  if  the'vessel  is  taut  moored,  and  the  observing 
compass  be  well  forward,  five  miles  will  suflSce. 

When  swinging  pretty  fast,  with  wind  and  tide  in  the  same  ObservatloM 
direction,  the  observations  will  not  be  nearly  so  reliable,  owing  to  ^^^^  ^j^^p 
friction  causing  a  heavy  card  to  drag  with  the  ship,  in  opposition  "wAjw* 
to   the  directive   force   of  the   needle.    A  light  card,  like   Sir 
W.  Thomson's,  has  a  great  advantage  in  this  respect,  as  friction 
on  the  bearing  point  is  reduced  to  a  minimum.     To  counteract 
the  dragging  tendency,  keep  quietly  moving  the  compass  in  the 
gimbals  as  the  ship  goes  round. 

In  the  Mersey,  ships  may  determine  their  deviations  by  the  RiT«r  Meney, 
bearing  of  Vauxhall  chimney,  in  transit  with  any  one  of  a  system  J^^^ 
of  figures  painted  in  large  characters  on  the  dock  walls  and  sheds.   ™^- 
These  figures  give  the  CM.  bearing  of  the  chimney,  reckoning 
from  north  towards  south  by  the  east.     Thus  110^  would  be  read 
as  N.  110^  E.,  or  S.  70°  K 

Similar  facilities  are  also  given  at  Kronstadt  Capt.  J.  Belavenetz, 
of  the  Russian  Imperial  Navy,  has  made  the  following  arrange- 
ment in  the  commercial  port  of  Kronstadt  to  enable  mariners  to 
determine  the  deviations  of  their  compasses,  as  resulting  from  the 
eflfects  of  the  iron  of  the  ship,  or  the  cargo  on  board,  whilst  lying 
at  anchor  in  the  great  roadstead  of  that  port :  viz. — 

The  true  bearings  of  the  foundry  chimney  from  various  parts 
of  the  western  wall  of  the  commercial  port  of  Kronstadt  are 
indicated  by  a  series  of  marks,  ranging  between  the  bearings  of 
N.  89°  E.  and  S.  79**  E,  painted  on  the  western  face  of  the  wall. 

The  degrees  are  marked  in  figures  legible  from  the  roadstead  of 
Kronstadt,  the  even  figures  being  on  a  black  ground,  and  the  odd 
figures  on  a  red  ground,  in  the  following  order,  indicating  as  here 
stated,  under  each  figure, — 

0  80  12  3  4  667 

8.7rK    S.80"E.     S.8rE.     S.8'2^E.     S.83K     S-Si^E     S.85"E.     S.8G  K     S.87"E. 

8  0  00  0 

S.88"E.     S.89^E.      East.      N.89"E. 

There  is  quite  a  similar  arrangement  at  Chjibourg,  and  to 
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facilitate  adjusting  there  are  eight  warping  buoys  in  a  circle  with 

one  in  the  centre. 

Darlatlon  of        In  the  absence  of  cargoes  containing  iron,  wooden  vessels  going 

mU  marked    ^^^^^  voyages  have  their  deviation  nearly  constant,  in  which  case 

onOompasf     it  is  not  a  bad  plan  to  write  it  neatly  on  each  point  of  the  compass 

card  for  ready   reference.     Do  not,  however,  when  correcting  a 

hearing,   commit   the   blunder  of  talcing  the  deviation  from  the 

hearing  point     It  must,  of  course,  be  taken  from  the  one  whidi 

corresponds  to  tlie  direction  of  the  ships  head  at  time  of  obser- 

vation.     lids  mistake  has  frequently  heen  made. 

Leaving  Liverpool  in  winter,  it  often  happens  on  the  approach 
of  a  southerly  gale  that  the  atmosphere  is  more  than  ordinarily 
clear,  although  the  sky  may  be  quite  overcast     At  these  periods 
it  is  possible  to  see  almost  fabulous  distances ;  and  in  the  absence 
Tranilt  of  the  sun — a  rare  visitor  in  winter — transit  bearings  of  light- 

ihoriMmarkB  '^*^"s^'^>  mountains,  and  other  shore  marks  can  be  used  to  give 
the  deviation  with  all  needful  accuracy.  Then  comes  one  of  the 
advantages  of  having  large  scale  Admiralty  Coast  Sheets^  from 
which  to  get  tlie  true  hearings. 

For  example,  almost  immediately  after  passing  the  Crosby 
Light-vessel,  the  Hoylake  lights  come  in  range  bearing  St  28f* 
W.  corr.  ma^];.  (1  884),  and  about  7  miles  after  passing  the  North- 
West  lightship,  Great  Orme  Head  lighthouse  (readily  distinguished 
with  the  binocular)  will  be  seen  in  one  with  the  conspicuous  peak 
of  Penmaen  Mawr.  Six  miles  furtiier  on,  the  latter  comes  in 
transit  with  a  lofty  mountain  named  Carnedd  Llewelyn.  But 
Carnedd  Llewelyn,  from  this  point  of  view,  is  not  readily  picked 
out  by  a  stranger.  Again,  the  bearing  of  the  Skerries  and  South 
Stack  lights,  when  in  one,  happens  by  good  fortune  to  coincide 
with  the  fairway  course  down  the  Irish  Ciiannel,  passing  within 
nice  range  of  Bardsey  and  the  Smalls;  so  that,  if  when  in  transit 
they  are  brought  either  right  ahead  or  astern — the  latter  is  prefer- 
able— these  lights  will  prove  additionally  an  invaluable  guide, 
or  course,  by  taking  their  transit  bearing  in  passing,  the  deviation 
will  be  found  for  any  point  on  which  the  8hij)'s  head  may  happen 
to  be  at  the  moniont. 
How  to  name  Li  ^i'O;*///;/ deviation  ascertained  in  this  manner,  recollect  that 
the DoYlatlon.  jf  ^\^^  t^ltore  bdirhig  is  to  the  riLjht  of  the  comj^tss  hearing,  tlie 
deviation  is  oastcrlv,  and  r/Vc  versa. 

Now,  in  re;^^'lr(l  to  transit  boaiini^^,  there  is  a  point  to  l)e  noted. 
The  further  off  tl:e  back  objrct  is  so  uiuch  the  bettor,  for  then  the 
bearing  is  "tender,"  and   the  exact  moment  of   transit    is  easily 
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noted.  On  the  other  hand,  when  the  objects  lie  tolerably  close 
together,  and  the  observer  some  little  distance  from  them,  it  is 
difficult  to  discover  when  they  are  actually  in  one,  and  an  error 
of  2**  or  3°  in  consequence  is  quite  possible. 

Furthermore,  when  observing,  be  sure  to  take  the  compass 
bearing  of  the  hack  object,  which  shifts  but  slowly,  and  note  the 
reading  at  the  instant  the  other  object  is  seen  to  transit.  The 
more  rapid  change  in  the  bearing  of  the  near  object,  renders  it 
difficult  to  follow  and  get  correctly  at  the  proper  moment.  Some- 
times, when  one  of  the  objects  is  indistinct,  an  assistant  with  a 
binocular  to  tell  you  when  the  objects  are  exactly  "  on  "  is  a  great 
help. 

There  are  literally  thousands  of  suitable  marks  all  round 
our  coasts ;  and  a  few  are  now  given,  which  will  be  found  con- 
venient, especially  by  vessels  navigating  the  George's,  Bristol,  or 
English  Channels.  Those  marked  thus  ♦  are  only  available  in 
fine  clear  weather. 

7  arret  on  pier  and  New  Brighton  chnrch  spire  (River  Mersey). S.  88$  W.  -      Ust  of  naefol 

Bock  lighthouse  and  New  Brighton  church  spire    8.  354  ^'  ~ 

Great  Orme  Head  lighthouse  and  Penmaen  Mawr S.  51^  W.  - 

*Penmaen  Mawr  and  Carnedd  Llewelyn    S.  28}  W.  - 

*Peamaen  Mawr  and  Y  Foel  Fras S.  23   W.  - 

Tower  on  Puffin  Island  and  Penmaen  Mawr S.  15|  E.   + 

•Moelfra  Inland  and  Suowdon S.  4     W.  - 

*Beacon  on  Dulas  Rocks  and  Snowdon    S.  2}  W.  - 

•Point  Lynas  lighthouse  and  Snowdon    8.  IJ  W.  - 

Point  Lynas  lighthouse  and  Penmaen  Mawr    S.  31i^  E.   + 

^Middle  Mouse  and  Snowdon   S.    9^  £.   + 

Middle  Mouse  and  Point  Lynas  lighthouse S.  57^  E.   + 

Beacon  on  Weit  Mouse  and  Coal  Rock  shore  marks— three  in  one  . .  8.  39^  W.  - 

*Beaoon  on  West  Mouse  and  Snowdon 8.  18j^  E.   + 

*Mount  Pengam  and  Snowdon    S.  20    £.   + 

Skerries  and  South  Stack  lighthouses    S.  46^  W.  — 

Skerries  lighthouse  and  Pen  Gybi  (Holyhead  Mountain)  8.  414  W.  ~ 

*3kerries  lighthouse  and  Snowdon  8.  21    E.  + 

Skerries  lighthouse  and  Mount  Pengarn S.  30^  E.   -h 

*  Holyhead  Breakwater  lighthouse  and  Snowdon S.  30    E.   •)- 

•Pen  Gybi  (Holyhead  Mountain)  and  Snowdon    8.  34^  E.   + 

••^onth  Stack  lighthouse  and  Snowdon  8.  3C J  E.   + 

•Pen  Gybi  (Holyhead  Mountain)  and  Carnedd  Llewelyn    S.  48^  E.   + 

•ionth  Stack  lighthouse  and  Carnedd  Llewelyn  8.  50    E.  + 

Left  zme  of  North  Stack  touching  Breakwater  lighthouse S.  80^  E.  + 

•Mynydd  Mawr  and  Snowdon S.  68    E.   + 

•  Wicklow  Head  lighthouse  and  Lugnaquilla  Mountain N.  68^  W.  + 

•Wicklow  Head  lighthouse  and  Thonagee N.  48    W.  + 

•Wicklow  Head  lighthouse  and  Great  Sugar  Loaf N.    5   W.  + 

Wicklow  Head  Lighthouse  and  Little  Sugar  Loaf N.    24  E.   - 


374  CONSPICUOUS  COAST  MARKS. 


•dlicve  Boy  and  Mount  LeinHter N.  8CJ  W.  + 

•  Arklow  Keck  and  Crogan  llill N.  55    W.  + 

•  Tara  ilill  and  Crogan  Hill N.  12J  W.  + 

Tuakar  lighthouse,  Greenore  windmill,  and  Forth  Mountain X.  41    W.  + 

*Coninginore  Kock  and  Slieve  Coiltia    N.  154  ^-  + 

•Hook  lighthouse  (Waterford)  and  Tory  iJill    N.    <4  W.  + 

•Tory  Hill,  seen  between  Brownstown  Head  towers    N.  18f  £.    - 

•  Metal-man  tower  (Great  Newton  Head)  and  Tory  Hill N.  294  ^   " 

*Minehead  lighthouae  and  Knockmealdown  Mountain    N.  184  ^-  + 

*C/a{>cl  Island  tower  and  Knockmealdown  Mountain N.  15f  E.    - 

*i)ullycotton  lighthouse  and  Knockmealdown  Mountain N.  28^  E.    - 

Kight  face  of  Dognose  (Queenstown)  and  Uocbe  Pt.  lighthouse     . . . .  S.    7^  W.  - 
I^eft  xmes  of  Weaver  Point  (known  by  its  signal  station^  and  Cork 

I  lead S.  40    W.  - 

Ueanio's  Head  and  Little  Sovereign :>.  834  W.  - 

]ieaniu*s  Head  and  Big  Sovereign S.  82    W.  - 

Fastnct  lighthouse  and  Mizen  Peak N.  36    W.  -|. 

*KaHtnet  lighthouse  and  Hungry  Hill N.    24  £.  - 

Man-of-War  Sound  white  beacon,  and  Leamcon  Tower N.  23    E.    - 

Kastnet  lighthouse,  and  Leamcon  tower  open  left  of  white  beacon . .  N.  23^  K.    - 

*i^'ft  xmo  of  Sheep  Head  and  Hungry  Hill N.  394  ^    - 

i  Ui\t  Hock  lighthouse  and  summit  of  Skariff  Island    N.  2]  |  R.    - 

The  (\}W  and  summit  of  Skariff  Nlnnd N.  28}  £.    - 

The  Bull  and  Hutnmit  of  Skariff  Island    N.  35|  E.    - 

North  Binhop  Hock  and  Bamsay  Hill S.  10    K.    -i- 

North  BiMh<H)  Bock  and  Llacithty  Peak S.  70 J  E,    + 

Cnrreg  Uhoson  and  Llacithty  Peak .S.  89}  E.    -i- 

IliKht  xmo  u(  St.  David's  Head  and  Bainsay  Hill S.  48|  W,  _ 

South  Bihhop  li:;hthou8o  and  Uamnay  Hill S.  80}  E.    + 

South  Binhop  lighthouse  and  Llacithty  Peak       N.  78^  E.    - 

fiouth  Bishop  lighthouse  and  left  xme  of  St.  David's  Head N.  724  E.    - 

South  Bihhop  lighthouse  and  North  Biuhop  liock N.  39^  E.    - 

Smalls  lighthouse  and  Granwholmo  Island  (highest  part)    8.   73    E.    + 

Smalls  ami  H.  Bishop  litjhthonaes  and  xmo  of  St.  David's  Head  ..  ..N.  72J  E.    - 

Grassholme  Inland  an<l  S.  Bi'ihop  lighthouse   N.  40}  E.    - 

South- West  xnifs  of  Skokham  Island  and  St.  Ann's  Head    S.  58J  E.    + 

( Jn«at  ('jfcstle  Hca<l  ramjo  lii^hts  (Milford  Haven) N.  61^  E.    - 

St.  Ann's  Head  range  lights N.  22}  W.  + 

Wolf  and  Longships  lighth.»u-te8    N.  38^  E.    - 

Lizard  lights S.  81    E.    f 

Killigano'.n  House  and  Penarrow  Poiat  ( I'almouth) N.    OJ  W.  + 

K<l(lystone  lighthouse,  and  chai)ol  crowning  Kame  Head   N.  31J  E.    - 

,,  „  and  Pick'eoombe  Fort N.  40^  E.    - 

„  ,,  and  Biflo  Butt  tm  Staddon  Heights   N.  49A  E.    - 

South  Fori'lanl  li.;hts N.  83^  \V.   ^ 

U>hant  lii^dit"*,  in  ono S.   88    E.    + 

Les  Pierres  Noire««,  and  Pto.  St.  Mathieu 8.  81  ^  E.    -h 

Ar  Men  Kk. ,  and  Tevinnec \  8.  80    E.    -^ 

At  Men  Kk.,  an.l  Pte.  du  Ruz I       rru    o  •  ^    v  u.  S.  67    E.    -f- 

,,„,,,,,...  >     The  Saints  lights. 

Ar  Men  Uk.,  and  Inle  do  bein j  ^  8.  65}  E.    + 

Isle  de  Sein,  an*!  Tev«nnec   J  N.  76    E.    - 

These  bearings  are  all  crnrt  m>vjnct(C,  and  a^lapted  to  the  year  1884.     To  aid.%pt 
them  to  subsequent  yearn,  tho<ie  in  the  N.K.  and  S.W.  quadrants  must  be  diminished, 
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and  those  in  the  N.W.  and  S.E.  quadrants  increased,  at  the  rate  of  8'  per  annum,  or  a 
degree  io  sev^en  years.  To  facilitate  the  application  of  this  correction,  the  proper  sign 
has  been  placed  after  each  bearing. 

It  may  happen,  however,  when  sailing  along  shore,  that  a  dis-  Adjiutmant 
tant  conspicuous  object  presents  itself  which  is  laid  down  on  the  ^e  (SSS** 
chart,  but  has  nothing  suitable  to  transit  with  it,  in  which  case  oHJect. 
the  Station  Pointer  comes  in  very  handy.      Select,  in  accordance 
with  the  rules  laid  down  in  the  chapter  on  this  instrument,  three 
known  and  well-defined  objects,  and  at  the  same  instant  that  the 
ship's  place  is  fixed  by  the  horizontal  sextant  angles  between 
them,  let  a  third  observer  take  the  compass-bearing  of  the  dis- 
tant object,  which  may  or  may  not  be  one  of  those  already  in 
usa     Then  lay  off  the  ship's  place  on  the  chart  with  the  Station 
Pointer,  and,  using  Field's  Parallel  Ruler  or  the  horn  protractor, 
find  therefrom  the  true  bearing  of  the  distant  object.     To  this 
apply,  as  usual,  the  Variation  at  place  reduced  for  annual  change, 
which  will  give  its  correct  magnetic  bearing,  in  readiness  to  be 
compared  with  the  observed  compass  bearing. 

If  the  object  chosen  is  a  very  distant  one — say  Snowdon  in 
Wales,  Sea  Fell  in  Cumberland,  Suae  Fell  in  the  Isle  of  Man,  or 
Slieve  Donard  in  the  Co.  Down  (all  visible  from  the  Irish  Channel) 
— a  steamer  may  be  slowed  down,  and  steamed  half  round,  so  as  to 
get  the  Deviation  on  every  second  point  in  that  semicircle  of  the 
compass  she  would  be  most  likely  to  use  during  the  next  few 
days.  The  half  hour  thus  spent  will  not  only  conduce  to  the 
ship's  safety  generally,  but  may,  if  thick  weather  comes  on,  save 
many  a  half  hour's  groping  about 

For  new  vessels  requiring  their  compasses  adjusted,  or  ships 
lying  wind-bound  in  Belfast  Lough,  the  following  transit  bearings 
observed  by  the  writer,  will  be  found  of  service.  The  true  bear- 
ings, in  most  instances,  were  determined  by  Theodolite  and  sun, 
and  converted  into  cot^t.  mag,  bearings  for  the  year  1884,  by 
applying  the  variation  taken  from  the  Admiralty  Magnetic  Chart 
of  the  World.  The  marks  here  given  are  very  conspicuous,  but  to 
pick  them  out  a  stranger  would  in  most  cases  require  the  assist- 
ance of  some  one  locally  acquainted. 

HoLTWOOD  Hill  House,  in  one  with 

e 
Power*!  Honae  on  Kinnegar  and  Bellevne,  the  three  houses 

in  one S.  41J  B.  +  Correct 

Holywood  Bank  Pile  Lighthouse  B.  85J  E.  +  SiSSt^ 

Holywood  Episcopal  Church  Spire S.    2}  W.  -  Bearlnga  In 

Tudor  HaU  (centre) S.  151  W.  ^  BelfiutLougll 
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Gbat*s  Huusb  (HAZifL-rAKK),  in  one  with 

Glengormley  Mill  Chimney    N.  «i    W.  + 

Carnmonej  Summit  (A)    N.  81^  W.  -i- 


NoTR. — Glengdrmley  ohimnoy  fttanda  conspicuously  in  the  saddle  midwaj 
Cavehill  and  Carnmoney  summit  Hazelbank  may  easily  be  recognised  bj  »  wmlled4a 
garden  dose  to  shore,  on  west  side  of  lawn.  When  house  and  ohimBey  tnanty  tha 
shoro'road  entrance  is  also  about  in  the  same  line. 


Houwooi)  Bank  Pile  Liohthousb,  in  one  with 


e 


Strandtown  Episcopal  Church  Tower   6.  252  W.  - 

Garmoyle  Pile  Lighthouse 8.  28    W.  - 

Albert  Clock  Tower  (Belfast) S.  SejW.  - 

MosLET  Mill  Cuiumet,  in  one  with 

Monkstown  Mill  Chimney N.  44J  W.  + 

Note. — Mosley  chimney  stands  in  centre  of  factory  buildings ;  whilst  Monkatown 
chimney  (the  nearer  of  the  two  in  question)  stands  among  trees,  no  boikUng  being 
iriNihlo  about  its  base.  A  small  red-brick  house  (supposed  to  be  Jordanstown  Bailway 
Btatiou)  lies  on  the  observer's  side  of  the  chiomeys,  and  transits  with  them. 


Grey  Point  (xme),  in  one  with 


e 


CoiMiland  Lighthouse   8.  76    E.   + 

Gloiighana  IlouMe S.  61}  K.    + 

Mm.  (Vmuor's  I'urrtjt  (H.igpole) 8.  55}  E.    + 

FoMtvr  (\)nnor*H  Houxo  (^Jeacourt) 8.  51 J  E.    + 

Tower  of  ( 'arnalea  House    S.  33}  E.    + 

Mount  Divis 8.  90    W.  - 

McArt's  Fort  (Cavehill) N.  82J  W.  + 

Carrickperods  Castle,  in  one  with 


• 


Carnbilly  Summit  (A)   N.  80}  W.  + 

Carriek  Church  Spire N.  16    W.  + 

LurUigh  Hill  Houmc    N.   6 J  W.  + 

Helenas  Tower,*  in  one  with 

Craigdarrah  House 8.  ISJ  E  + 

rian(U'lH)ye  Coa«t  Guard  Station    S.  14}  E.  + 

Kockfitld  Cotlnijo    8.  1  ij  E,  + 

Cramsii's  Villa  (turret)   8.10    E.  + 

Clandc'bi»ye  Puulway  Station  (turrvt)     8.    9}  E.  + 


•  Helen's  Tower — crowning  a  hill  in  the  backgr«»und — about  2}  miles  S.W.  of 
Bangor,  is  (piite  unmistakable,  as  is  al«o  Scrabo  Monument,  which  lies  about  an  equal 
distance  further  ofif,  in  the  same  direction. 
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Pattison's  House 8.    7^  E.   + 

Centre  of  Helen's  Bay  Quarry    S.    1|  B.   + 

Crawfordsbarn  House S.    04  W.  - 

McNeill's  Square  Villa    . .    8.  llj  W.  - 

Camalea  House  (tower) S.  16    W.  - 

Ruin  in  Smelt  Mill  Bay S.  25   W.  - 

Foster  Connor's  House  (^'eacourt) S.  81 J  W.  - 

Cochrane's  House    ....    S.  32    W.  - 

Cochrane's  New  Villas S.  83    W.- 
Bangor Church  Spire  S.  414  W.  - 

Presbyterian  Church  Steeple S.  43J  W.  - 

Bangor  Castle  (turret)     S.  46    W.- 
Mrs. Connor's  Turret  (flag-pole)     S.  464  W.  - 

Ulster  Royal  Yacht  Club  House    S.  46}  W.  - 

Stewart's  House  S.  484  W.  - 

Islet  Hill  Farm  House    S.  67^  W.  - 

Ballyholme  Windmill 8.  694  W.  - 

Groomsport  Presbyterian  Church S.  62 J  W.  — 

Groomsport  Irish  Church    S.  64    W.  — 

Maxwell's  House,  Groomsport    S.  66 J  W.  — 

Orlock  Point  Coast  Guard  Station S.  734  W.  - 

Copeland  Lighthouse  S.  76}  W.  - 

Donaghadee  Church N.  80    W.  + 

Killeghy  Spire N.  64    W.  + 

W  ill  Isle  Windmill N.  67i  W.  + 

Carrowdore  Church N.  44^  W.  + 

ScRABO  MoNDMBNT,  in  one  with 

o 

Camalea  House  (tower) 8.  27^  W.  - 

Cochrane's  House 8.  86^  W.  - 

Helen's  Tower 8.  88    W.- 
Bangor Church  Spire  8.  89   W.  - 

Ballyhohne  Windmill  S.  49J  W.  - 

Ulet  Hill  Farmhouse S.  49]  W.  - 

Groomsport  Irish  Church    S.  64    W.  — 

Copeland  Lighthouse  ,. . .  8.  66    W.  - 

Donaghadee  Lighthouse 8.  80]  W.  - 

KUleghy  Spire B.  86   W.  - 

Mill  Isle  Windmill N.  86    W.  + 

Carrowdore  Church N.  69^  W.  + 


Balltholmb  W^indmill,  in  one  with 


e 


Foster  Connor's  House  (Seacourt) S.  63}  E.  + 

Mrs.  Connor's  Turret  (flag-pole) 8.  87    E.  + 

Ulster  Royal  Yacht  Club  House  (flag-pole) 8.  29{  £.   -(- 

Stewart's  House  8.  24 J  £.  + 

Ladies'  Bathing  Hut S.  I64  B.   -♦• 

Groomsport  Presbyterian  Church 8.  69^  W.   - 

Groomsport  Irish  Chureh    S.  74J  W.  - 

Maxwell's  House  (Groomsport) S.  77  J  W.  - 

Copeland  Lighthouse 8.  86   W.  - 
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pBEKBiTEBiAa  Cbuuch  Btiefle,*  ill  oDe  with 

Cochnna'B  House     8.  374  E. 

Foster  Connor's  Huaaa  (SemMnrt) ».  25    B. 

Copeland  L[ghtU.iii9e   S.  SBj  W. 

Banqor  Ciidrch  Spibi,  in  one  with 

Kuiti  in  Smelt  Mill  Bfty B.  31 4  B. 

Cochrane".  Home -B.     HE, 

Foatar  Cotinor'a  Honm  {Seaoourt)    8.    2i  W. 

Se»  View  House  (Ritohis's)    S.    SJ  W. 

Preihyteriau  Cburch  Steeple S,  68 

Uliler  RoyJ  Yacht  Club  Kl«g-H« B,  68J  W, 

atewarfs  Home   8.  63    W, 

aJlyboIiDB  WindmUl N.88i 

NoTM.— The  mtiittion  in  Beirut  Lough  in  UU  ia  egtioikted  tX.  33'.  uid  A, 


leon^H 


One  sometimes  heara  wonderful  stones  of  compasses  suddenly 
"jumping  a  point  or  two,"  without  actual  alteration  of  the  ship's 
head,  and  this  is  attributed  to  all  sorts  of  fantastic  causes,  such 
aa  shallow  water,  attraction  of  the  land,  and  so  on.  Some  even 
go  so  far  as  to  say  that  in  the  Red  Sea,  the  sun  beating  fiercely 
on  one  side  of  the  vessel  in  t)ie  morning,  and  on  the  other  in  the 
afternoon,  will  cause  a  change  in  the  Deviation  of  several  degreoa. 
Very  careful  experiments  made  in  that  locality  by  the  writ«r,  have 
satisfied  him  on  the  impossibility  of  this  latter  supposition  ;  anJ 
consequently,  if  the  A.M.  and  p.m.  azimuths  disagree,  or  whenever 
these  perplexing  alterations  take  place,  they  will  doubtless  be  due 
to  some  cause  within  the  ship  herself — such  as  change  of  heel, 
errors  of  centring,  bent  shadow-pins,  loose  iron  placed  in  the 
'tween  decks  or  anywhei-e  near  the  compass,  boats*  davits  turned 
in  that  had  previously  been  swung  out,  or  some  other  siuiplo 
but  overlooked  cause. 

It  is  quite  common  in  vrheelhouses  to  find  lockers  close  on  eacH 
side  of  the  compass,  which  are  nominally  tor  flags  only,  bat  in 
reality  soon  become  a  stowhole  for  qiiartermaster'a  gear.  Havo 
them  taken  down  as  quii'kly  as  possible. 

Because  Deviation  Cunh  are  condemned  in  these  pages,  it  ia 
not  to  be  understood  that  a  properly  kept  Ciympa»8  Berord  bt 
worthless:  on  the  contrary,  the  commander  of  every  iron  vessel 
should  keep  a  daily  account  of  the  behaviour  of  his  cotDpassea. 
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VARIATION,  DEVIATION,  AND  TOTAL  ERROR. 


UieftQfomi 
of  Oompaaa 
Saoord. 


«<i 


In  regular  Lines  it  will  be  found  that  the  compasses  of  vessels 
that  have  alre€uly  made  several  voyages  on  the  one  route,  under 
similar  circumstances  will  shew  time  after  time  pretty  nearly  the 
same  deviations  in  the  same  localities.  This,  however,  should  not 
lead  to  neglect  in  observing  azimuths,  as  nothing  but  constant 
watchfulness  can  ensure  safety. 

A  form  of  Compass  Record  is  here  inserted,  which  those  who  try 
it  will  be  sure  to  like.     One  need  only  run  the  eye  down  the 
deviation  columns  to  see  at  a  glance  the  action  of  each  compass 
during    any  given   period.      Some   men,  on   the  contrary,  set 
deviation  altogether  on  one  side,  and  to  correct  their  courses  take 
the  difference   between  the  true  and  compass  bearing.      This 
Total  £»».••  ""^^^  error,"  as  it  is  called,  they  also  enter  in  their  compass 
book,  which  is  both  meaningless  and  inconvenient     For  "  Total 
error"   being   compounded   of    Variation   and    deviation,  must 
necessarily  be  a  co distantly  changing  quantity  ;  and,  therefore,  a 
record  of  it  is  of  no  value  until  it  has  undergone  a  troublesome 
sifting  process,  which  would  better  have  been  done  in  the  first 
instance. 

There  are  two  modes  of  determining  the  Deviation  from  an 
azimuth.  One  is  used  by  Towson  in  his  examples,  but  the  writer 
much  prefers  the  other,  as  tending  to  practise  the  navigator  in  the 
every-day  application  of  Variation  and  Deviation  to  the  true 
courses  he  may  wish  to  steer. 


MOdMOf 

finding 
DoTlation 
from  an 
Aiimntli. 


1ST  Mode. 


0*8  true  bearing    -    -    - 
0*8  compass  bearing  -    - 

Correction,  or  total  error 
Variation  per  chart    •    - 

Deviation  ------ 


S.  67  W. 
S.  84  W. 

27  Wly. 
22  »ly. 

6'  Wly. 


2ND  Mode. 

•;'8  true  bearing S.  57  W. 

Variation  per  chart   ...    -        22  Wly. 

0  8  corrtet  magnetic  bearing  -  S.  70  W. 

0*8  compost  bearing  -    -    -    -  8.  S»  W. 

Deriation 6*  Wly. 


The  number  of  figures  is  the  same  in  each  case,  but  in  the  first 
mode  an  unnecessarily  new  process  is  originated ;  whereas  in  the 
mode  advocated,  the  navigator  is  familiar  with  the  term  "  Correct 
Magnetic,"  with  the  rule  for  naming  the  Deviation  according  as 
the  compass  hearing  is  to  the  right  or  left  of  the  correct  magnetic 
bearing,  and  has  not  to  tax  his  memory  with  any  fn  sh  formula, 
this  being  very  similar  to  ihi  way  he  would  set  about  turning  a 
time  course  into  one  by  comjnjss.     Thus : — 
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True  course S.  67  W. 

Variation  per  chart  -       -       -       -         22  Westerly. 

Correct  magnetic  course   -        -       -    S.  79  W. 
Deviation 5  Westerly. 

Ck)mpa88  course  to  steer   -       -       -    S.  84°  W. 

In  the  Compass  Record  suggested,  after  the  date,  &c.,  the  com-  Bzpianation 
parisons  are  first  jotted  down ;  next  the  ship's  head  corr.  mag.  is  JteS^***** 
entered  in  red  ink  by  way  of  distinction,  this  impoiiant  direction 
jbeing  got  by  applying  the  ascertained  Deviation  to  the  compass 
by  which  it  was  ascertained — ^generally  the  Standard.  The 
Deviations  of  the  remaining  compasses  are  arrived  at  by  simply 
taking  the  difference  between  the  ship's  head  CM.  and  the  ship's 
head  as  shewn  by  each  compass.  The  left-hand  pages  are  left 
blank  for  remarks,  &c. 

In  the  Proceedings  of  the  Royal  Geographical  Society  (No.  III.,  TalnaWe 
Vol.  XXII.)  will  be  found  a  very  interesting  and  instructive  paper  BarS's"^ 
on  the  Earth's  Magnetism,  by  Captain  Sir  F.  J.  Evans,  RN.,  «««a6tiiiii. 
K.C.B.,  Hydrographer  to  the  Admiralty.*     It  embodies  all  that  is 
known  up  to  the  present  time,  and  is  well  worth  perusal 

Captain  W.  Barrett's  very  ingenious  diagram  will  also  be  found  Barrett's 
useful  to  the  student  in  compass  adjustment,  as  giving  a  strik-  Diagram, 
ingly  graphic  representation  of  the  terms  into  which  the  Deviation 
of  the  compass  in  iron  ships  may  be  separated. 

There  have  been  many  discussions  from  time  to  time  as  to  the 
propriety  of  adjusting  compasses  by  magnets,  some  men  contending 
that  the  better  plan  was  to  leave  the  compass  to  follow  its  own 
bent,  and  to  navigate  by  the  aid  of  a  Table,  giving  the  natural 
deviations :  but  iron  is  now  so  largely  and  recklessly  used  in  deck 
fittings,  &c.,  that  compass  errors  have  assumed  a  magnitude  quite 
unknown  when  iron  vessels  first  came  into  vogue.  Formerly,  also, 
more  care  was  exercised  in  the  selection  of  suitable  positions  for 
the  compass,  and  the  theory  of  adjustment  was  not  so  well 
understood  Thus  it  is  that  adjustment  now  cannot  be  dispensed 
with,  or  the  majority  of  compasses  would  be  quite  unmanageable. 
Scarcely  any  one,  now-a-days,  will  be  found  so  ignorant  as  to 
advocate  non-adjustment. 

Sir  (Jeorge  Airy,  late  Astronomer-Royal,  thus  sums  up  the  AdvantagM 
advantages  in  favour  of  compass  adjustment : —  c^ compass^ 
air  060.  Airy. 


•  Procurable  from  Dorrell  k  Son,  15,  Charing  Cro^s,  London.    Price  One  Shilling. 
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SIR  GEORGE  JJRrS  VTEWS, 


Cwimg  a  TalU  of  ErrortL 


Tie 


(L)  Tbe  dirwIiTe  pover  <m  tifee  (1) 

ccfflBfuw  »  eztremislT  difiereait  on        Xheedk  is  BemiUj 


Ae  directm  pover  ca  tLe 


(2.)  Tbeprinripal  put  of  tike  tabu- 
lited  erron  ahsei  from  mb-pefma- 
nesi  mi^tietiaii,  vikose  c&cto  in 
pfx^nong  lieriaxioD  tvt  greaii j  in 
diiSereDt  porU  of  tLe  euiiL 

(Z.)  It  is  therefore  aLecJotdj  ne- 
Cfiinrfffroiii  tioae  to  time,  to  nuJ^e  a 
nev  table  of  eiron,  br  oUserranons 
in  nomeroiis  positions  (not  fewer 
tlian  eight)  of  the  ship's  head. 

(4,)  In  difficult  nari^tion,  as  in 
tlie  channels  of  the  Thames  or  the 
3f*T5eT,  especLdljr  with  frequent 
tacks,  the  use  of  a  TaUe  of  Ejtotb 
would  be  attended  with  great  dan- 


(^>Tbe 
comet  the  Bob-penBaaeBt 
ism  in  one  pJaoe,  will  al«>  pcdbct^j 
OGfTBct  it  in  another 

(a)  Onlj  when  thov  it  wm^inm 
of  chan^  in  the  ihip^a  magnetisn 
axe  new  obeeTratioiis  neoeawy,  and 
then  two  are  sniBdenL 


;4.)  In  any  hidiugrimhical 
coltv,  the  coTTMied  oompaas  is  xi^ 
on  all  tacks,  and  its  nae  k  peiiectlj 
sim}^' 


No.  2  of  the  a^K)ve  applies  equally  to  the  Deviation  ariang  from 
thy  inductive  iiia''neti>rn  of  vertical  iron. 


CHAPTER  XIIL 

TO  FIND  THE  ERROR  AND  RATE  OF  A  CHRONOMETER 

Hitherto  the  recommendation  has  been  to  effect  this  by  "  Equal  ^''•^  ^^' 

,     .     tndM  not 
Altitudes "  of   the  sun^  A.M.  and  P.M.^  taken  with  the  Artificial  recommenM 

Horizon.     This  method,  however,  though  short  and  simple,  so  far 

as  the  figures  go,  is  open  to  many  objections.     The  operation 

cannot  be  completed  at  one  time,  since  several  hours  must  elapse 

before  the  second  half  of  the  observations  can  be  mada     During 

this  tedious  interval,  the  conditions  which  existed  in  the  morning 

may  be  considerably  changed.     For  example,  the  refraction  may 

have  increased  or  diminished,  owing  to  a  shift  of  wind  or  fall  of 

rain ;  the  observer's  "  Personal  Equation,"  as  it  is  termed,  may 

have  varied ;  and  the  divisions  of  the  sextant  may  have  altered, 

through  the  effect  of  heat  or  cold  in  expanding  or  contracting 

the  metal 

Raper  says — "The  method,  even  under  the  most  favourable DisadTaa- 
circumstances,  can  rarely  be  considered  as  affording  extreme  pre-  ^SJJtnitdd. 
cision ;"  and  all  the  things  just  mentioned  tend  to  vitiate  the  ac- 
curacy of  the  result  in  a  greater  or  less  degree.  Furthermore,  the 
setting  in  of  cloudy  weather  may  cause  the  morning's  work  to 
be  so  much  labour  thrown  away,  by  rendering  impossible  the 
corresponding  p.m.  altitudes ;  and,  in  any  case,  there  is  the  incon- 
venience (sometimes  very  great)  of  a  double  journey  to  and  fro 
the  ship,  and  a  repetition  of  chronometer  comparing.  It  is  true 
the  A.M.  sights  could  be  used  as  "  Absolutes,"  but  every  one  accus- 
tomed to  this  sort  of  work  knows  the  suspicion  which  attaches 
to  observations  taken  only  on  one  side  of  the  meridian. 

The  term  "  Personal  Equation,"  though  very  familiar  to  astro-  Penwiua 
nomers,  may  be  new  to  many  sailors,  so  it  is  as  well  to  explain  it  ^'^^^^^^^ 
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It  I1EIS  been  found  tliat  most  men  have  a  fixed  haliit  of  "making 
contact"  either  too  soon  or  too  late,  depending  for  amount  npon 
their  peculiar  nervous  organization  and  bodily  state  at  the  time, 
whether  of  rest  or  fatigue,  sickness  or  liealtk  It  is  even  found 
that  an  easy  or  constrained  position  of  the  individual  at  tha 
moment  of  observation  may  exercise  considerable  effect  on  the 
result.  Thus  the  excitable  man,  fearing  to  miss  the  event,  is 
to  forestall  it ;  while  the  man  of  phlegmatic  disposition  ia  mi 
likely  to  be  too  late.  Tlie  human  eye,  in  its  measurement  oil 
distance,  varies  in  different  people.  One  man  may  consiiler  tb*! 
Bun's  limb  to  be  just  touching  the  horizon,  whilst  another,  using' 
the  same  sextant,  will  consider  it  a  trifle  above  it;  and  a  third  ba 
impressed  with  the  idea  tliat  the  sun  is  too  low,  and  that  both  the 
others  are  wrong.  No  doubt,  to  this,  as  much  as  to  instramental 
errors,  is  to  be  attributed  the  difference  among  officers  in  the 
common  operation  of  taking  the  sun  at  noon. 

ITiese  may  seem  insigniticnnt  trifles  to  some,  but  the  proceaa  of 
chronometer  rating  is  itself  a  delicate  one ;  and  it  must  be  remem- 
bered that,  in  the  necessary  splitting  of  seconds,  wo  are  dealing 
with  quantities  susceptible  of  the  most  minute  influences. 

The  principle  of  finding  the  error  of  a  Time-keeper  by  "EqtuI 
Altitudes"  ia,  that  the  earth  i-evolving  at  a  uniform  rate,  equal 
altitudes  of  a  fixed  body  on  either  side  of  the  meridian  will  be 
found  at  equal  intervals  from  the  time  of  transit  of  that  bo!^, 
over  the  meridian,  and  that,  therefore,  the  mean  of  the  times 
■  such  equal  altitudes  will  give  the  time  at  transit,  which  for 
Bun  is  noon. 

The  better  mode — taken  all  round — is  to  observe  stars  east 
west  of  the  meridian,  within  a- few  minutes  of  each  othi 

B.    which  all  systematic  errors,  whether  atmospheric,  instrnmenl 
or    personal,   are   practically  neutralized    in    the    mean 
Moreover,  with  "Equal  Altitudes,"  it  unavoidably  Imppena,  wl 
the  latitude  and  declination  are  of  contrary  names,  that  the 
being  badly  situated,  from  the  slowness  of  its  motiou  in  altitude, 
cannot  be  expected  to  give  good  results.      Now  this  need  nev«r 
he  the  cose  with  the  stars ;  a  couple  on  or  uear  the  Prime  T( 
east  and  west,  can  always  be  found  at  some  hour  of  the  nigl 
let  the  latitude  be  what  it  may.     Wlien  selecting  stars,  ch< 
those  that  have  about  the  same  altitude,  and  will  therefore  ba 

F  equally  affected  by  refraction.  To  avoid  error  due  to  a  want  of 
parallelUm  in  the  surfaces  of  the  glass  roof  of  the  Artificial 
Horizon,  reverse  it  for  opposite  stars,  so  Ihul  llii-  Kimt  aide  may, 
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every  case,  he  next  to  you,*  If  the  regular  mercurial  horizon  is 
not  to  be  had,  an  extempore  one  can  easily  be  rigged  up  with  a 
soup  plate,  and  some  oil  or  treacle.  On  a  calm  evening  this 
makes  an  Al  substitute. 

In  the  observation  of  the  altitude  of  a  star  with  the  Artificial  Proftswr 
Horizon,  it  is  always  troublesome  to  bring  down  the  image  of  the  method  of 
star  reflected  from  the  sextant  mirrors  to  the  image  reflected  from  SjJ^^^*^ 
the  mercurial  horizon,  or  vice  versd ;  and  sometimes,  when  two 
bright  stars  stand  near  each  other,  there  is  danger  of  employing 
the  reflected  image  of  one  of  them  for*  that  of  the  other.     A  very 
simple  method  of  avoiding  this  danger,  and  of  facilitating  the 
observation,  has  been  suggested  by  Professor  Knorre,  of  Russia 

"  It  can  be  proved  geometrically,  that  whenever  the  direct  and 
reflected  images  of  any  star  are  made  to  coincide  in  the  field  of 
view  of  the  sextant,  the  index  glass  will  be  inclined  at  a  constant 
angle  to  the  horizon.  (This  angle  is  equal  to  the  inclination  of  the 
sight-line  of  the  telescope  to  the  horizon  glass.)  If,  therefore,  we 
attach  a  small  spirit  level  to  the  index  arm,  so  as  to  make  with 
the  index  glass  an  angle  equal  to  this  constant  angle,  the  bubble 
of  this  level  will  play,  whenever  the  two  images  of  the  same  star 
are  in  coincidence,  in  the  middle  of  the  field  of  view. 

**  With  a  sextant  thus  furnished,  we  begin  by  directing  the  sight- 
line  towards  the  image  in  the  mercury ;  we  next  move  the  index 
until  the  bubble  plays,  taking  care  not  to  lose  the  image  in  the 
mercury.  The  reflected  image  from  the  sextant  mirrors  will  then 
be  found  in  the  field,  or  will  be  brought  there  by  a  slight  vibra- 
tory motion  of  the  instrument  about  the  sight-line. 

"  A  sextant  is  easily  fitted  up  on  this  principle,  the  level  being 
made  out  of  a  small  glass  tube  of  little  more  than  one  inch  in 
length.  In  sextants  of  the  usual  construction,  the  reading  lens  is 
attached  to  a  stem  that  turns  round  a  short  pillar  fixed  at  right 
angles  to  the  index  arm ;  in  these  cases,  the  level  may  be  attached 
to  the  same  pillar,  rotating  stiffly  round  it  to  admit  of  prepara- 
tory adjustment,  and  then  fixed  once  for  all  in  its  proper  posi- 

tion."t 
When  made  fast  for  the  night  in  the  Suez  Canal — ^now  the  great  oiiro&om«tv 

highway  to  the  East — ^the  writer  has  found  it  very  convenient  to  JJimOmi 
ascertain  the  errors  of  his  chronometers  by  the  method  above 


*  In  taking  "  aboolutes  "  or  independent  observations  of  the  snn  (not  Equal  Altitade8)| 
tlie  roof  must  be  reversed  when  half  way  through  the  desired  number. 

t  Hinii  to  TraveUen ;  by  a  Committee  of  CouneU  of  the  Royal  Otograpkieal  Society. 
Jjcmiw, :  Edward  Stanford^  15,  Charing  Cross,  S.W.     Price  2/6. 
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advocated.  The  Admiralty  plan  ^ves  the  exact  latitude  and 
longitude  of  eaeli  end  of  the  canal,  from  which,  with  a  little  caro 
aod  neat-handedness,  the  geographical  position  of  any  other  point 
may  be  determintKL  But  for  the  convenience  of  those  who  may 
distrnst  their  own  measurements,  a  few  positions  are  Bubjoined, 
from  which  others  can  more  readily  be  fixed- 
Latitude.  Lon^toda. 

Port  Said  hii;h  lighthouse 31  15  45  N.  .  33  18  46  K 

The  25'  poet  at  Kantam  aiding; 30  . SO  45  N.  .  32  IS  45  K 

Palace  at  IsmaiUa 30  35  30  N.  .  33  16  tt  & 

The  53'  poet  at  northern  entrance  to  Great 

Bitter  Lake 30  25  45  N.  .  33  ai  00  K. 

The  74'  poet  near  Cbalouf 30    H  15  N.  .  33  U  S4  E. 

South  Pier  Head  of  Port  Ibraham.    .    .    .  29  56    3  N.  .  33  33  U  E. 

Prtadpie  of        The  correct  latitude  and  longitude  of  a  place  being  known,  thttfl 
Mr^n  0  K.T  principle  of  determining  Greenwich  Mean  Time,  whereby  to  aaoii^^ 
by  obwrra-     tain  the  error  of  a  chronometer,  may  be  explained  in  a  few  worda    ' 
Every  navigator  ia  aware  that  his  daily  sights  give   hira  the 
Apparent  Time  at  Skip,  and  that  by  applying  the  Equation  of 
Time  he  gets  Mean  Time  at  Ship.     Of  course  the  same  thing 
applies  to  the  determination  of  Mean  Tiine  on  Shore.     Now,  if  he 
knows  (from  the  chart  or  otherwise)  the  exact  longitude  of  the 
Bpot  where  he  took  his  sights,  and  turns  it  into  time,  he  has  meieljT 
to  add  or  subtract  it  (according  as  it  is  west  or  ea-t)  to  or 
this  Mean  Time  at  Place,  to  obtain  at  once  the  correct  Mean 
at  Greenwich,    This,  compared  with  the  corresponding  time  \sf 
chronometer,  givea  its  error,  fast  or  slow,  as  the  case  may  ho. 

Here  it  is  necessary  to   be  clear  on  one  point.     When  this 

comparison  is  made  of  the  Chronometer  time  with  the  Greenwich 

latod  BUa."    time,  it  ia  to  be  distinctly  understood  that  the"  OWt/tJW^CTfwr"  and 

"A&ntmidated  rate  "  are  to  be  entirely  disregarded,  and  not  allowed 

to  enter  into  this  part  of  the  calculation.      The  actual  difference 

then  existing  between  tlie  Chronometer  and  Greenwich  times  ii 

to  be  taken  as  a.  new  original  error — entirely  independent  of  the 

tirst  one,  which  is  no  longer  to  be  employed.     This  b  particularly 

dwelt  upon,  from  the  fact  that  many  men  compare  the  comeUd 

Chronometer  time  with  the  Greenwich  Mean  Time,  and  in  after 

work  apply  iKith  errors,  aoid  even  carry  on  the  old  rate,  when  they 

Bkting  have  alt  the  materials  for  getting  a  new  and  more  correct  one. 

CbrotMmsUr*      Sometimes,  also,  the  error  of  the  longitude  by  chronometer  i« 

bmu  found  by  the  ordinary  tights   taken  off  an  island  or   headland 


id 
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passed  in  the  course  of  tbe  voyage ;  and  this  error — say  12' — ^ia 
improperly  applied  as  a  constant  correction  to  all  longitudes 
subsequently  determined,  instead  of  working  out  the  error  in  time 
of  the  chronometer,  and  so  arriving  at  the  sea  rate  for  future  usa 

With  reference  to  this  custom  of  taking  sights  at  sea  when  the 
ship's  position  is  fixed  by  cross-bearings  of  well-known  land,  it  is 
certainly  very  useful  as  a  rough  check  if  the  vessel  lias  been  away 
from  port  for  a  considerable  time :  for  example,  it  might  be  done 
with  advantage  by  a  homeward  East  Indiaman  when  passing 
Cape  Agulhas,  or  by  an  outward-bounder  when  passing  St.  Paul's 
rocks,  near  the  equator.* 

But  if  the  chronometers  have  been  recently  rated  on  shore,  the 
errors  inseparable  from  such  observations  at  sea  would  probably 
exceed  the  errors  in  the  rate  given  by  the  maker.  Thus  many 
smart  vessels  pass  Madeira  when  only  a  week  out,  and  this  might 
be  considered  a  good  opportunity  for  testing  the  chronometer 
rates;  but  though  sights  so  taken  might  be  useful  in  detecting 
gross  errors,  if  such  were  suspected,  they  could  not  be  relied  upon 
under  ordinary  circumstances  to  give  the  time  with  the  needful 
precision  for  rating  purposes.  More  useful  results  might  indeed 
be  obtained  if  the  vessel  were  becalmed,  so  as  to  combine  p.m.  with 
A.M.  observations ;  or  in  the  event  of  her  passing  in  the  afternoon 
a  second  point  of  land  equally  well  determined  with  the  first.  In 
either  case  the  mean  of  the  two  sets  would  perhaps  give  a  fair 
approximation  to  the  truth. 

To  find,  on  shore,  the  rate  of  a  chronometer,  its  error  on  Mean  intArral 
Time  must  be  known  on  two  days,  separated  by  an  interval  of  not  JSSJ?'^  *"* 
less  than  six,  or  more  than  ten  daya  Then  the  difference  between 
the  two  errors,  divided  by  the  number  of  days  in  the  interval, 
will  give  its  daily  rate  for  the  time  being.  Where  the  interval  is  a 
long  one,  say  a  month  or  six  weeks,  during  which  the  temperature 
has  varied  considerably,  the  m£an  daily  rate  is  that  which  will 
be  obtained,  and  may  differ  considerably  from  the  performance  of 
the  chronometer  at  time  of  last  observation.  This  goes  to  prove 
the  necessity  of  adopting  Temperature  rates,  as  recommended  by 
Mr.  Hartnup. 

To  watch  the  performance  of  a  chronometer  on  shore,  it  is  not 
by  any  means  necessary  for  the  observer  to  know  his  longitude, 


•  Both  iheie  are  very  accurately  determined  pontions  : — 

St.  Paul's  Rocks Lat.  0«  65'  30"  N Long.  29*  28*  OCT  W. 

Cape  AguUiat  Lighthouse.  .Lat  di^  i9'  id"  S Long.  20<»    (/  Ze"  E. 


as  the  error  of  the  chronometer  on  Li?cal  Mean  Time  is  all  that  is 
wanted  It  may  be  done  also  by  simply  noting  the  time  of  tlio 
BuccessivQ  disapiiearancea  of  any  star  (not  a  planet)  behind  a 
smoothly- planed  straight-edged  board,  nailed  in  a  truly  verticnl 
position  against  some  firm  support.  The  observer's  eye  must  be 
always  at  the  same  point,  audi  as  a  small  hole  in  a  tin  plate,  also 
nailed  to  an  immovable  support,  at  a  distance  uf  say  30  or  40  feet 
from  the  board,  and  to  the  north  or  south  of  it,  according  to  the 
particular  star  selected. 

This  ia  a  very  excellent  practical  method,  and  one  capable  of 
much  precision.  To  carry  it  out,  proceed  as  follows: — On  any 
given  evening,  note  the  time  by  chronometer  of  the  star's  dis- 
appearance,  which — from  a  star  being  a  mere  luminous  pointv 
without  sensible  diameter — is  so  sudden  as  to  be  at  first  qaiU 
startling;  and  after  an  interval,  say  of  six  days,  do  the  samo 
again.  On  account  of  a  Sidereal  day  being  shorter  than  a  Mean 
Solarday,  the  star  will  disappear  sooner  each  evening  by  3m.  55'9a; 
therefore  multiply  this  quantity  by  the  number  of  days  between 
the  observations,  and  subtract  the  result  from  the  time  shewn  by 
chronometer  at  Brst  observation. 

If  the  chronometer  is  keeping  exactly  Mean  Time,  the  first  and 
second  times  will  now  agree  ;  if  they  do  not,  the  difference  is  tha 
loss  or  gain  of  the  chronometer.     If  the  second  time  ia  greater 
than  the  first,  it  is  evident  the  chronometer  is  gaining,  and  tea 
difference  divided  by  the  number  of  days  gives  ito  daily  rata 


&l&r  dliAppe«r«J  &( 


Example. 
Ewmpieof         At  Philadelphia,  on  October  ICth,  1880,  the  star  Fomalhas^ 

t^"'S^tt    w^  observed  to  disappear  at  14!i.  2m.  185s.  by  chronometer. 
On  Oct.  22nd  the  disappearance  wom  timed  at  I3h.  38m.  i 
Required  the  daily  rate  of  chronometer. 


g-uf  l-lt.  lUlI]'  nu 


We  will  now  give  an  example  of  finding  the  Errtyr  of  a  chrond 
meter  on  Greenwich  Mean  Time  by  observations  of  stars  e 
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west,  taken  with  an  Artificial  Horizon  on  shore.     The  observations  To  find  tiie 
are  bond  fide,  and  selected  at  random  from  among  quite  a  large  chronometer 
number,  taken  on  the  same  occasion.    They  were  expressly  made  ^^^^t|f"* 
to  determine  the  meridian  distance  between  Valparaiso  and  Tongoy, 
the  latter  being  a  port  of  which  the  author  was  then  engaged 
in  making  a  trigonometrical  survey.* 

Sunday,  August  15th,  1876. — The  following  sights  were  taken 
at  Valparaiso,  in  front  of  the  Port  Captain's  office,  in  latitude 
33**  2'  8"  S.,  and  longitude  4h.  46m.  321s.  W. ;  Fort  San  Antonio 
being  taken  at  71*  38'  00*  west  of  Greenwich.  Index  error  +  1'  30". 
Chronometer,  from  previous  observations  at  Arica,  assumed  to  be 
51-6a  slow  of  Greenwich  Mean  Time. 


♦  Spica,  bearing  about  N.  88'  W.  true. 


Time  by  chron<nneter 
▲animed  error  •   -   • 


O.BlT.,Aagiutl6Ui 


H.  M.  s 

18    8  32-0 
+  61-6 

18    4  28-6 


•'■  DocUnation 

Polar  distance  • 
Latitude-  •  • 
Altitude-    •    - 


w    f    ft 
10  80  41  S. 

70  29  19  Cosecant  0*007350 
83  2  8  Secant  •  0-076684 
28  24  10 


Ob  erred  angle  •  Spica 
Index  error  .    .    ■    .    . 


Half  sum 
Bemainder' 


186  65  87 

67  67  49    Ckwine    •  9'674257 
44  88  89    Sine  •    •  9*846130 


•    •    -    46  61  10 
-    -    -    +    1  80 

2  \46  62  40 

o's  apparent  altitude     •   -   ••   -    23  26  20 
Refraction  (Table  XVm.  of  A'orie)   —    2  10 

•*s  tme  altitude 2324  10 

H.  M>    8 
Sidereal  time  at  G.M. noon,  Aug.  \^  ^ "g^^ 
16th    -•«--.-.-      ) 

Acceleration  for  13h. +2    8*18 

4m. +         tXI 

.    .    -    +  tM 


ft 


It 


„  248.    -    -    - 
Bight  Ascension  of  mean  0 


9  86  6-68 


9-504321=  Star's  hour  <,      -    -    4  86  18*00  W. 
•'s  Bight  Ascension  13  18  3761 


Bight  Ascension  of  the  meridian 
Bight  Ascension  of  the  mean  S 


Mean  time  at  place  -    -   -   • 
Longitude  of  obsenration  spot 

Mean  time  at  Greenwich  -    - 
Time  by  chronometer  -    •    . 


Chronometer  slow  of  O.M.  time    • 


-  17  63  66  61  or  Sidereal  time 
•  9  36   6*68      atpdaoa. 

8  17  49-93  P.M. 

-  4  46  32*10  W. 


13    4  22*06 
18    8  32t)0 


B. 
6008 


For  an  explanation  of  the  term  Right  Ascension  of  the  Mean  0  refer  baok 
to  page  255. 

Fomalhaut,  the  other  star  of  the  pair,  is  worked  out  on  the  next  page  in  a 
manner  exactly  similar  to  the  foregoing :  its  hour  angle,  however,  heing  Eaat, 
has  to  he  subtracted  instead  of  added. 


*  The  plan  of  Tongoy,  with  others  from  the  lame  source,  has  tinoe  b^en  pabHshed  by 
the  Hydrographio  Office  of  the  Admiralty. 
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Time  by  chronometer 
Aumned  error  -    • 


•  Fomalhaut,  bearing  about  S.  72°  K  troe. 

H   M.    8. 
.    .    .    .    18  20  00  0 
....  +61-6 


O.M.T.,  Angnsi  ISth 18  80  61-6 


•'■  DecUnatton  80  16  46  S. 


Polar  distance     69  48  14    Cosecant  0  068090 


Latitade 
Altitude- 


Half  ram 
Remainder 


88    2    8    Secant   .  0'076&H4 
81  25  63 


124  11  15 


•    62    5  87    Cosine 
-    SO  89  44    Sine  • 


9670272 
9-707650 

9*618105: 


Obsenred  angle  •  Fomalhaat 
Index  error  •   - 


-  +  i» 


vet  61 


•'s  apparent  altitnde    »   -   •   •    •    a  17  tt 
Refraction  (Table  XVIIL  of  NcrU)   —   1  St 


•'s  tme  altitude 


81  tS68 


■.    t. 


Sidereal  t!me  at  O.M.  noon,  Ang.  >  q  m  m-m 

15th p  •••••• 

Acceleration  f or  18h.      .    •    .    .    +  t   818 
aom.     .   .    .    .    +       tti 


If 
II 


II 


52s. 


14 


Right  Ascension  of  mean  0    •   •   9  86   8^ 

R.M.    s. 
•'s  hour  <     .    •    •    4  40  20  60  B. 
•'s  Right  Ascension  22  60  481)0 


Right  Ascension  of  the  meridian 
Right  Ascension  of  the  mean  0 


.  18  10  27*60  or  Sideraaltine 
-   9  86   8-88      atplaoa. 


Mean  time  at  place  ..... 
Longitude  of  observation  spot  • 


8  84  191tP.lL 
4  46  82-10  W. 


Mean  time  at  Greenwich 18  20  61*22 

Time  by  chronometer 18  20  00*00 


Chronometer  slow  of  O.M.  time 


s. 

61*2 


Both  stars — S[)ica  especially — were  favourably  situated  in  azi- 
muth, and  their  very  close  agreement  (the  difference  amounting 
only  to  ri9s.)  proves  conclusively  that  not  only  were  the  atti- 
tudes and  times  accurately  observed,  but  that  all  the  conditions 
must  have  been  normal. 

The  mean  of  the  two  results  gives  50*62s.  as  the  error  of  the 
chronometer  on  August  15th. 

At  Arica,  on  August  7th,  the  same  chronometer  waa  46*40s. 
slow  of  G.M.T.,  shewing  that  in  the  interval  of  8  days  it  had  lost 
4'22s.,  equal  to  a  daily  rate  of  0  53s. 

It  will  be  noticed  that  in  comparing  the  Chronometer  time  of 
observation  with  the  Greenwich  Mean  Time  of  observation,  the 
original  error  5r6s.  was  not  taken  into  account.  At  the  com- 
mencement of  the  calculation,  however,  it  was  used  to  get  the 
Greenwich  date  as  closely  as  possible,  whereby  to  reduce  correctly 
any  of  the  data  requiring  it,  such  as  the  Sidereal  Time  at 
Greenwich  mean  noon,  &c. 

It  is  evident  that  if  the  chronometer  error  were  neglected, 
when  at  all  large,  many  of  the  elements  used  in  the  calculation 
would  be  inaccurate.  This  is  less  the  c<ase,  however,  with  the 
stars  (which  may  be  regarded  as  fixed)  tlian  it  would  be  with  the 
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sun  or  planets.  In  the  case  of  the  moon,  which  alters  its  Declina- 
tion and  Right  Ascension  very  rapidly,  the  error  would  be  exces- 
siva  For  this  and  other  reasons  the  moon  is  never  used  in  this 
connection. 

In  the  Suez  Canal,  under  certain  conditions,  sights  may  very 
well  be  taken  on  board  ship,  and  when  this  can  be  done  it  is  of 
course  much  more  convenient  and  pleasant  than  squatting  down 
on  a  sandhill.  Acting  on  the  suggestion  of  Captadu  Lee  of  the 
Transport  "  Capella,"  the  writer  tried  this  several  times  during 
the  war  in  Egypt,  and  got  results  in  every  way  satisfactory.* 

As  a  stand  for  the  Artificial  Horizon,  a  small  table  was  placed 
close  over  on  the  starboard  side  of  the  saloon  deck,  and  the  observer 
was  comfortably  seated  in  a  chair  with  a  Quarter  Master  standing 
by  with  a  bull's  eye  lamp,  kept  dark  till  required  for  reading  ofE 
The  2nd  officer  sat  behind  the  observer  (back  to  back),  with  the 
chronometer  and  lamp  facing  him  on  a  third  chair.  In  this  way 
three  sets  (of  three  in  a  set)  were  taken  of  the  Eastern  star,  and 
after  shifting  the  gear  over  to  the  port  side,  a  similar  number 
were  taken  of  the  western  star. 

To  make  this  plan  possible,  it  is  necessary  to  wait  till  all  hands 
have  turned  in,  as  the  most  cautious  footfall  on  deck  is  at  once 
revealed  by  the  star's  image  dancing  in  the  quicksilver :  even  the 
donkey  engine  for  feeding  the  boilers  must  be  stopped  for  the 
time-being.  If  there  is  any  wind,  the  Artificial  Horizon  and 
observer  may  be  sheltered  by  a  weather-cloth,  rigged  up  for  the 
purpose ;  and,  with  the  awning  overhead,  you  are  as  comfortable 
as  in  a  regular  observatory — always  barring  the  Muaqmtoes. 

About  11  o'olock  FM.  Wednesday,  September  20th,  1882,  the 
following  sights  were  taken  on  board  Her  Majesty's  Transport 
British  Prince,  then  moored  for  the  night  to  the  west  bank  of  the 
Suez  Canal,  midway  between  mile  posts  36*6  and  36*7.  This 
position  when  laid  ofif  on  the  Admiralty  plan  gave  the  latitude 
30"  39'  30"  N.,  and  the  longitude  32°  20'  00"  E.  Index  error  -  W. 
Chronometer,  from  previous  observations  taken  on  the  mole  at 
Alexandria,  assumed  to  be  2m.  14a  slow  of  G.M.T. 


*  Mr.  H.  S.  BUokburne,  of  the  P.  ft  O.  steamer  **  Carthage,**  mentions,  in  bit 
"  A  and  B  Tables  for  Correcting  tbe  Longitude,**  having  repeatedly  tried  this  plan 
with  complete  snocess. 
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Time  by  chronometer 

AaBiiinAfl  ATTV^r    a     •     •     • 

•  Saturn,  bearing 
a.  M.  8. 

-    -    •    9  10  146 

I N.  87i*»  E  true. 

Obeerred  angle  •  Saturn  • 
Index  Error 

Saturn's  apparent  altitude 
BefracUon  (Table  XVUI.  < 

RiLfmra^fl  liimA  &1fl£ffiHA    ^     » 

.  .  .  AkA 

•    «     •        <—      40 

"     "     •     "T^     *  *•  " 

G.M.T.,  September  20th  • 

•    -    -    9  12  28-5 

s^ei  1 60 

Coeecant  0*019891 
Secant  -  0*065389 

Cosine    -  9*590516 
Sine  -    .9-775285 

*    *    -    80  80  66 
H  K<fn'€)    -   1  87 

.    .    .     M^l^ 

Polar  distance-  78  00  20 
Latitude-    -    -  80  89  80 
Altitude  -    •    -  80  29  18 

Sidereal   Time  at  O.M. 
SenicmbAT  fiOtli   ... 

*    '    *     all  zv  15 

noon. 

184  9  8 

.    .    11  m   n-^ 

Acceleration  for  9h.  12m.  2S 
Bight  ascension  of  mean  ® 

:  Saturn's  hour  angle  •   •   . 

Saturn's    reduced    Bight 

Ascension 

D  of  the  meridian 

1  of  the  moan  ® 

Mn .-- 

XJ.  Of      OIV 

Half  nun-    •   •  67  4  84 

^B.    -    +    1  80-76 

Bemainder  -   •  86  85  16 

-    -    U  568061 

9*450581  = 

R.  M.  8. 

4    16  42-8  B, 

Bight  Ascensioi 
Bight  Ascensioi 

Mean  Time  at  si 
Longitude  of  sh 

Mean  Time  at  G 
Time  shewn  by 

By  *  Saturn,  ch 

8    87     7« 

28  90  261) 

11  68  8616 

11  81  48  4  P.H. 
8   9  200B. 

ip  in  time 

Ireenwieh 

chronometer  ---.-• 

ronometer  slow  of  Q.M.T.  • 

9  12  28-4 
9  10  14-6 

M.  a. 
2  13-9 

So  much  for  the  eastern  star,  now  we  will  see  what  the  western 
one  saya 


Time  by  chronometer 
Assumed  error  •   • 


♦  Altair,  bearing  S.  81  *»  W.  true. 


Observed  angle  •  Altair 
Index  error 


O.M.T.,  Sept.  fOth 


H.  M.    8. 

9  29  67*8 
+    2  14  0 

0  82  11*8 

62  80  00 
-      40 


2)62  19  20 

Altair's  apparent  altitude     >    •    •    81    9  40 
Bcfraction  (Table  XVUI.  of  NorU)    -     1  84 


81  26    9   Ckwecant  0*004870 

80  80  80   Secant   •  0*065389 

81  8    6 

Altah-'s  true  altitude    . 
Sidereal    Time    at   O.M 

.    .    .    -    81    8   6 

Polar  distance- 
Latitude-   •   - 
AlUtude-    .    ' 

H.  M  a. 
[.    noon. 

143  IS  45 

sscptember  20tli  • 
Acceleration  for  9h.  82m. 

Bight  Ascension  of  mean 

-    -    -    •  11  67  5*80 
12s.   .    .  +    18897 

Half  sum   -    - 

71  86  53  CkMine    •  9*498869 
40  28  47  Sine  -    •  9*812364 

®-    -    •  11  6889*81 

:  Altair's  hour  angle     •    • 
AlUir'sB.A. 

of  the  meridian .... 
of  the  mean  0  .    .    .    . 

In 

0  S81492  = 

Bight  Ascension 
Bight  Ascension 

Mean  Time  at  sh 

Longitude  of  shi 

H.  M.  8. 
-    3   55  8*0  W. 
•  10   45   50 

•  23   40   80 

•  11    58  39-8 

'P 

p  in  time 

•  ii    *1  Jaj^  r.M. 

•  2     9  20-0  E. 

Mean  Time  at  Greenwich 

Time  shewn  by  chronometer 

By  •  Altair.  chmnom  ter  alow  of  G.M.T. 

•    0  32    8-2 
-    9  29  57-8 

M.    S. 
2  10  4 
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The  mean  of  the  two  results  gives  2iu.  12'2&  as  the  error  of  the 
chronometer  on  September  20th.  Seven  days  afterwards,  when 
at  Malta,  the  Greenwich  Mean  Time,  carried  on  from  these  obser- 
vations, was  found  to  differ  only  a  second  and  a  half  from  the 

Time  Ball. 

Where  delicate  observations  are  required,  the  planets  Jupiter 
and  Venus  are  out  of  the  running,  from  the  fact  that  they  are 
so  very  much  bigger  and  brighter  than  the  mere  speck  which 
a  star  presents  ;  the  latter,  therefore,  is  to  be  preferred,  but  in  this, 
as  in  many  other  matters,  external  circumstances  control  our 
wishes,  and  it  is  often  a  case  of  do-with-what-you-can-get  without 
being  too  fastidious :  or  in  other  words,  be  thankful  for  the  bread 
even  if  it  is  not  buttered.  On  this  account  it  is  deemed 
advisable  to  give  an  example  shewing  the  working  of  a  plapet, 
which  it  will  be  noticed  is  precisely  the  same  as  the  working  of  a 
fixed  star,  if  we  except  the  necessity  for  reducing  the  Declination 
and  Risht  Ascension  to  the  Greenwich  Mean  Time  of  Observation. 
In  the  case  of  Saturn  the  reduction  is  very  small. 

When  several  altitudes  of  each  star  have  been  taken,  which  is  A  number  of 
the  proper  thing  to  do,  they  should  be  worked  out  separately,  and  2loSd*^**" 
not  in  groups,  or  sets,  of  three  or  five.     By  so  doing,  palpable  worked  out 
mistakes  in  reading  off  the  sextant,  or  taking  the  time,  &c., '*'^"*     * 
declare  themselves  at  the  finish,  and  the  particular  observations 
which  contain  them,  if  incapable  of  adjustment,  can  be  rejected 
in  toto.     It  is  true  this  very  materially  increases  the  labour  of 
calculation,  but  the  man  who  strives  to  be  accurate  will  not 
grudge  it.     Having  thrown  out  the  bad  ones,  the  mean  results  of 
the  remainder  will  then  be  reliable. 

Since  the  recent  telegraphic  determination  of  the  longitude  of  ximo  signaii 
the  principal  places  on  the  globe.  Time  signals  have  been  estab- 
lished at  a  great  number  of  ports  for  the  benefit  of  shipping. 
Annexed  will  be  found  a  complete  list     When  the  signal  is  made  y,^ 
by  gun  fire,  the  time  of  ih^fiaah  must  be  noted ;  but  if  from  any  Report  of 
cause  this  cannot  be  seen,  it  will  be  necessary  to  fall  back  upon  the  ^*"**^'"^ 
report.    In  which  case,  allow  for  the  velocity  of  sound  in  air  at 
the  rate  of  1,093  feet  per  second,  when  the  thermometer  registers 
32®  Fahr.     As  the  temperature  increases,  the  velocity  increases  at 
the  rate  of  1*11  of  a  foot  for  each  degree,  decreasing  in  the  same 
proportion  for  temperatures  lower  than  32^     Thus  at  55°  Fahr.  velocity  of 
we  have  the  velocity  =  1,118  feet  per  second,  and  at  80**  Fahr.  it  »ow^to  aip. 
is  1,146  feet  per  second.      Taking  into  account  so  many  facilities, 
the  error  in  the  Greenwich  Mean  Time  of  any  sailing  ship  should 


in     I  -  ij  -t. 
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■  Ti^«aM^« 


m^W,^^^m.m  > 


1 


ENGLAND,  IRELAND,   WALES,  AND  SCOTLAND. 


395 


TIME    SIGNALS. 


Signal. 

Position  of  Signal 

Local 

Mean  Time  of 

Signal. 

Greenwich 

Mean  Time  of 

Signal 

Remarks. 

Latitude. 

Longitude. 

»  •  •  ■  •  • 

BaU 

Boyal  Obflerratory 

H.  M.    S. 

1  00  00-0  P.M. 

B.  M.   8. 
100  00-OP.M. 

•• 

••                    .• 

10  00  00-0 AM. 

10  00  00-0  A.M. 

BaU 

Boyal  Naval  Yard 

1  00  00-0  P.  M. 

1  OG  00-0  P.M. 

•  ■  •  •  •  • 

Qan 

Fort  on  Heights 

Noon. 

Noon. 

BaU 

Boyal  Dockyard 

1  00  00-0  P.M. 

1  00  00*0  P.M. 

BaU 

•*                    •• 

10  00  00-0  A.M. 

10  00  0OH)A.M. 

Cone 

Mount  Wise,  Devonport 

1  00  00-0  P.M. 

1  00  00*0  P.M. 

Repeated  At* 
minutes  later. 

»• 

*»                                M 

1    6  000  P.M. 

1    6  00-0  P.M. 

ll .... 

Gun 

.«                                        . . 

1  00  00-0  P.M. 

1  00  00-0  P.M. 

Oun 

Morpeth  Dock,  Pier  Head 

1  00  000 P.M. 

1  00  00-0  P.M. 

Gun 

••                    •  • 

1  00  000 P.M. 

1  00  00*0  P  M. 

Gun 

••                    . . 

1  00  000  P.M. 

1  00  00-OP.M. 

BaU 

•  •                    •. 

1  0O0OK)P.M. 

1  00  00-0  P.M. 

Private  enter- 
prise. 

•  •  *  •  •  • 

Gun 

Edinburgh  Castle 

1  00  00-0  P.M. 

1  00  00-0  P.M. 

Gun 

*•                    . . 

1  00  00\)P.M. 

1  OOOO'OP.M. 

Gon 

. .                    . . 

1  00  00-0  P.M. 

1  00  00*0  P.M. 

BaU 

••                    •  • 

0  84  88     P.M. 

1  00  00-0  P.M. 

Gun 

. .                    *  * 

0  84  88     P.M. 

1  OOOO'OP.M. 

Gun 

. .                    *• 

0  84  88    P.M. 

1  00  00-0  P.M. 

*  •  •  •  • 

BaU 

Obserratory  in  N.W.  part 
of  town 

11  00  00-0  A.M. 

10  86  18-0  A.M. 

Repealed  two 

minutes  later. 
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TIME    SIGNALS— continued 


Place. 

SlgnaL 

Position  of  Signal 

Local 

Mean  Time  of 

SignaL 

Green  wieh 

Mean  lime  of 

SignaL 

Latitude.          Longitada 

Toalon 

BaU 

Flag 

Disc 

BaU 

BaU 

Obserratory  in  N.  W.  part 

H.M.   s. 

11    2  00*0  A.M. 

H.  M.  a. 

10  88  18-e  A.H. 

0  17  68*4  P.M. 

U  60  890a.IL 

0  IS  26*1  P.M. 

0    2  60*4  P.M. 

Brest   

of  town 
Nautical  School  Obeerratory 

Marine  Obsenratory 

Mfian  noon. 

Charbonnr 

11  44    6  6  a.m. 

DiMtellBMl 

Paris  men 

L'Orient 

Harbour  Tower 
Pier  of  Fouras,  North  Harbour 

Mean  noon. 
11  68  27-0  A.M. 

Fonras,  B.  Charente 
Basque  Boads  — 

Repeated  il 

oon-op.M. 

=0  4  60-4e.M 

Boeheforl  

BaU 

8t  Louis  Tower 

11  60  00-0  A.M. 

0    t  60*4  P.M. 

Repeated  al 

0  1  00  P.M. 
s0  4  60-4*^ 

WilhelmshaTen 

BaU 

East  Tower  of  Obsenratory 

Mean  noon. 

U  S7  24-8  A.M. 

Bremerhayen    

BaU 

68*  W  OCT  N. 

r  84'  rE. 

Mean  noon. 

11  25  48-6  A.M. 

Bepeited. 

tt             ...... 

•> 

•• 

w 

0  34  16  6  P.M. 

Mean  noon. 

Cuxhaten  

BaU 

68*  62'  00 '  N. 

8*  42'  30"  E. 

Mean  noon. 

11  25  10*0  A.M. 

Repealed. 

Ball 

•• 

0  84  60*0  P.M. 

Mean  noon. 

Hamburgh     

Ball 

63*  82^  «r  N. 

V  68'  67"  E. 

0  89  637  P.M. 

Mean  noon. 

Helleyoetslnis  

Discs 

bV  AV  10"  N. 

4*  r  40^  6  E. 

Mean  noon. 

11  43  29-8  A.M. 

Nien  Dlep 

Discs 
BiU 

62-  bT  W*  N. 

8r  64'  87"  N. 

4'  4^  86"  E. 

14*  18'    4"  E. 

Mean  noon. 
Mean  noon. 

11  40  58  6  a.m. 

• 

11  2  66-7  A.M. 

Swinemnnde     

1 

Repeated. 

1 
»»             

•1 

»•                            •• 

0  67  4  3  P.M. 

Mean  noon. 

Kiel : 

mu 

Ball 

1 

W  20*  80"  N.       10"   ft*  fi5"  E 

Mean  noon. 
Mean  noon. 

11  19  24  6  A.M. 
10  46  SOS  A.M. 

Newfahrwassen   

1 

64*  24'  24"  N. 

18*  Sy  48"  E. 

SWEDEN,  NORWAY,  PORTUGAL^  SPAIN,  ITALY. 
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Plaee. 

SignaL 

Position  of  Signal. 

Local 

Mean  Time  of 

Signal 

Greenwich 
Mean  Time  of 
Signal. 

Bemarks. 

Latitude. 

Longitude. 

Flnnhixig,  Wtlcheren 
Inland -r 

DiacB 
Discs 

61' 28' 33*  N.       3'8y48"B. 

H.  M    s. 

Mean  noon. 

Mean  noon. 

H.  M.    S. 

11  45  86*8  A.M. 
11  42   it  kM. 

Bofeterdam    

61'  64'  80^-2  N. 

4'28'6(r*6E. 

On  Tower  of 

Yacht  Club 

BuUdings. 

St  Petenbnrgh  .... 

Gun 

60"6e'8<rN. 

80*  18'  20"  E. 

Mean  noon. 

9  68414AM. 

• 

NkflAaiiy     ,,„.,„.. 

Ball 

At  the  Observatory 

eO'ed'Si'^N.    |  29*  46^  64'' B. 

Staff  on  roof  of  ObeerTatory 

N.B.  corner  of  Observatory 

On  roof  of  Observatory 

Mean  noon. 

9  52    4-9  AJL 

Kmifitadt 

Ball 

Mean  noon. 

10  00  66*7  A.M. 

Trondblmit*  r.  -« tt  -- 

Dram 

Mean  noon. 

11  18  nt  A.M. 

Bezsen    •••• 

Ball 

1 
Mean  noon. 

11  88  45-0 AM. 

Saturdays  only. 

Ball 

Mean  noon. 

11  17    0*8  A.M. 

Wednesday  and 
Saturday. 

Stockholm ^"- 

BaU 

BO*  W  \(f'  N     1    IR*    4'  42^  E 

1  12  18*8  P.M. 

Mean  noon. 

Ooihenbnrg  

BaU 

School  of  Navigation 

0  47  62-0  P.M. 

Mean  noon. 

• 

Copenhacn^ 

Ball 

66*  40'  42^  N.    1 12*  84'  48*  E. 

1  00  00*0  P.M. 

0    9  40*8  P.M. 

Rail 
BaU 
BaU 
BaU 

Entrance  to  Harbour 

Marine  Observatory 

8e'27'40"N.    1     6*  12' 24"  W. 

Signal  Tower  on  Summit  of  Rock 

0  50  29*6  Km. 

1  00  000 P.M. 

1  00  00-0  P.M. 
0  88  84*2  A.M. 

Mean  noon. 
1  86  88  6  P.M. 
1  24  49*6  P.M. 
10  00  00-0  A.M. 

Lisbon 

QmUi   

Oibialtor   

Dropped  anto- 
maticaUy  by 

iromGreenwich. 

Gmioa  .•...••••*•••• 

Gan 
BaU 

Fort  Castellacio 

Mean  noon. 

11  24  18*6  A  M.  ' 

Pola 

and 
Gun 

S.W.  Bastion  of  the  Harbour 
Castle 

Mean  noon. 

11    4  86*5  A.M. 

Gnn 

^nw  ............  X  X 

and 
BaU 

Staff  at  end  of  M oIa 

Mean  noon. 

11     2  181  AM. 
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TIME    SIGNALS— con^ueti 


Ptooe. 

Signal 

Position  of  Signal. 

Local 

Mean  Time  of 

Signal. 

Greenwich 

Mean  Time  of 

SignaL 

Rmhaeu. 

Latituda           Longitude. 

Trierto    

BaU 
and 

N.W.  side  of  Lighthouse 

Port  Captain's  OiBoe 

••             •• 

H.  M.  8. 

Mmn  nnnn 

H.M.  a. 

11    4  BR't  A.M. 

Mftltft 

Gun 
BaU 

11  1  Sfi'O  ▲  M. 

Ball 

Enquire. 

Enquire. 

N«wT<Mrk 

BaU 

Western  Union  Telegraph  OiBoe, 
196,  Broadway 

Mean  noon. 

4  60   17  P.M. 

Error  (If  any 
•latedaai^ 

» 
BaU 

Equitable  Life  Assurance  Co. 

Union  Telegraph  Office, 
Walnut  Sbeet 

Exactly  at  eyer]i 
throoghoi 

Enquire. 

hoiirofG.M.T. 
It  the  day. 

Enqoira. 

HmnUL 

n        •••••••••••• 

Philadelphia    

Boston 

BaU 

Equitable  Life  Assurance  Co. 

Mean  noon 

4  44  16*6  P.M. 

By  atgoalfkoa 
Harward  Col- 
lege Obasna- 
tory. 

Washin^n  

BaU 

Naval  Obserratory 

Mean  noon 

6  18  ISl  P  M. 

St.  John's, 
Newfoundland 

Gun 

Near  Block  House  on  Signal 
Hill 

Mean  noon 

8  SO  48-0  P.M. 

St.  John. 
New  Bmnswick    . 

BaU 

New  Custom  House 

1  00  000p.m. 

5  24  16-0  P.M. 

Quebec   

BaU 

At  the  Citadel 

1  00  00  0  P.M. 

ft  44  60-8  P.M. 

BaU  dropped  by 
electricity  froa 
theObeetratory 

Montreal    

BaU 

Harbour  Commissioners' 
BuUding 

Mean  noon 

4  64  18-0  P.M. 

BaU  dropped  by 
electricity  froB 
theObasmtofy 

Paramaribo  

Disc 

5*  ly  80^  N.   1   65*    0'  64"  W. 

Mean  noon 

8  40  897  P.M. 

Blain  yard-arm 
of  Oiiard  Ship. 

Bermuda 

BaU 

Ireland  Island.    Flagstaff  on 
Western  Jetty 

Mean  noon 

4  19  26-2  P.M. 

Saturdays  only. 

St  Anne,  Curacoa  . 

Bed  flag 

12'  V  i6"N.  1  esr  ber  u"w. 

Mean  noon 

4  86  46-9  P.M. 

Demerara  

Ball 

Flagstaff  near  General  Post 
Office 

Mean  noon 

8  62  46-0  P.M. 

Wednewlayasd 
Saturday. 

St.  Paul  de  Loando  . 

•  • 

•  • 

■  * 

1  00  00-0  P.M. 

Enquire. 

Cape  Coast  Castle  .. 

Ball 

ft*    6'  25"  S. 

1*  12'  05"  0  W. 

Enquire. 

Enquire. 

S.  ATLANTIC,  BRAZIL,  SOUTH  AFRICA,  AUSTRALIA, 
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TIME    SIGNALS— (km^mtterf. 


Place. 

RlgnftL 

Position  of  Signal 

Local 

Mean  Time  of 
Signal 

Greenwich 

Mean  Time  of 

Signal 

Rkmarkh. 

Latitude. 

Longitude. 

AflOflllfllOII    ■•••*'rr--- 

BaU 

Flagstaff  at  BAaster's  Cottage, 
Soathwaid  of  Hayes  Hill 

James  Tbwn  TaUey 

B.  M.  s. 

0    2  180  P.M. 

H.   M.  S. 

1  00  00*0  P.M. 

8t  Helena 

Ban 

Mean  noon. 

0  22  60-0  P.M. 

Alsoaiflagrtaff 
onLadderjHUL 

BaU 

Ladder  Hffl 

Imperial  Obserratory 
22*  64'  84"  a   1  48*  IC  a"  W. 

0  87  10  0  p.m. 
Mean  noon 

1  00  00-0  P.M. 

2  62  41-4  P.M. 

M               •••••••••• 

Biode  Jftnelro 

CbpeTbwn* 

Oun 

On  Imhoff  Battery 

1  OOOO'OP.M. 

11  46   6'8A.M. 

Oun 
Disc 

Entrance  of  Alfred  Dock 
84-ll'«ra   1   18'26'4fi^-0E. 

Mean  noon 
0  60  48'S  P.M. 

10  46  6*8  A.M. 

11  46  6-8  A.M. 

Seefootoole 

t»        ••  ••  •••••• 

Slmon'sBay 

The  Disc  falls  al 

1  o'clock.  Cope 

Ofttervatory  terns 

Alco*BftT  tt  tt  .t  -- 1- 

Diao 

Lighthouse,  Port  Elizabeth 

1  28  84-OP.M. 

Lady  Donkin's 

Monument 

11  46  6  8  A.M. 

The  Disc  falls  at 
1  o'clock.  Came 

•»'a"™  "'*^  •••••••••• 

ObtervatoryUvM 

PortAlfred  

Ban 

•  •                       •• 

1  88  41«  P.M. 

11  46    6*8  A.M. 

Do.        Do. 

Kest  London 

Ball 

•  •                       •• 

Enquire. 

Enquire. 

Dnitea,  Natal 

BaU 

••                       •• 

Enquire. 

Enquire. 

PoiiLonla, 
Bflanritias 

BaU 

Signal  Moontain 

1  00  00*0  P.M. 

9   0  46*0A.M. 

Monday,  Wed- 
nesday, and 
Friday  only. 

MfdboiQnio., ...... .. 

Ban 

OeUibrand  Point*  Williamstown 

Telegraph  Office,  Oeelong 

At  Signal  Station,  Qneensdiff 

At  the  S<wna.nhnMi 

1  00  00*0  P.M. 

S  fiO    6*9  A.l« 

lun 

1  00  00*0  P.M. 

8  SO    6*2  A  If 

••         •••••••••• 

Flag 
BaU 

1  00  00*0  P  M. 

8  20    6*1  A  If 

(>         •••••••••• 

Adelaide    

1  00  00-0  P.M. 

8  46  80*0  A.M. 

*  True  Local  Time  is  also  shewn  by  a  clock  at  dock  entrance.  It  is  controlled  from  the  Obeerratory  by 
electridtT,  and  is  consequently  extremely  useful  for  setting  G.M.T.  and  for  rating  chronometers.  The  first 
stroke  of  the  beU  in  the  clock  tower  may  be  relieaon  as  a  true  signal  of  Local  Mean  Time.  The  Boyal 
Obsenratory  !■  Ih.  18m.  64*74s.  East  of  Greenwich. 
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NEW  ZEALAND,  EAST  INDIES,  AND  CHINA. 


TIME    SIGNALS— con^ued 


Plaoa. 


Sydney,  N.S.W 


AnckLmd 


Hobart  Town, 
Tumania  .. 


N«weutle,N.S.W.. 


Lyttolton, NZ.   .... 


Wellington,  N.Z. 


Port  Nlcholion,  N.Z. 


Bombay 


Signal. 


BaU 


BaU 


BaU 


BaU 


BaU 


Colombo. 


Madras 


u 


Calcutta 


BataTla 


•I 


BaU 


BaU 


Sema- 
phore 


•» 


Ball 


Disc 


Position  of  SignaL 


Latitnde. 


Longitude. 


darsi'WB.     161' If  42r' B. 


4r  WBsrs. 


82*50^  6<ra 


ur  a'  18^  E. 


161*  isrwJL 


Tower  on  the  Heigfata 


41-  17'  isr  8.       174'  4r  46*  B. 


IS-  64'  46*  N.      TS*  4y  86*  E. 


Flagstaff  adjoining  Master 
Attendant's  Office 


Marine  Office  Flagstaff 


Local 

Mean  Time  of 
SignaL 


B.  M.  a. 

1  00  00-0  P.M. 


1  00  00*0 PM. 


1  00  00*0  P.M. 


1  00  000P.M. 
Sydney  M.  time 


1  00  00-0  P.M. 


Mean  noon. 


Mean  noon. 


1  00  000 P.M. 


Greenwich 

Mean  Time  of 

Signal. 


H.  M.   S. 
t  66  0-S  A.II. 


Emiofre* 


8  10  86  A.M. 


8  66    OtA.M. 


1  80   00  a.m. 


0  80    OOaji. 


Enquire. 


8   8  44-8A.M. 


1  00  000 P.M.      7  40  84-6  a.m. 


Tower  in  Fort  William. 


6*    T'SrS.     il06'48'25"-6E 

I 


*• 


^stSt^!". ^^^"r.'**  '^^'^ ''  «*  *'  ""'^  ^• 


Surabaya,  Ritcr 
Kali  mas 


Shanghai 


Uong  Kong 


105*  62^  48"  E. 


Discs       7'  12'  10"  S.         112'  4^  5^  E. 


Gun    '     Senior  Naval  Officer's  Ship. 


8  00  00-0  A.M. 


2  00  00-0  P.M. 


1  00  00  0  P.M. 


Mean  noon. 


1    7  13  7  P.M. 


Mean  noon. 


Mean  noon 


M^n  noon. 


Ball       22*  16'  40"  N.    '  114*  10'  00"  E.    ,   1  00  000  P.M 


2  89  0*7  A.M. 


8  80    0-7  A.M. 


7    6  41-3  A.M. 


4  62  46  3  A.M. 


6  00  00-0  A.M. 


4  66  28-8  A.M. 


4  29    4-1  A.M. 


Enquire. 


6  28  20  0  A.M. 


Bcpeatedaiz 
hottrs  later. 


Or  at  any  tim 
by  SignaL 


Near  N 

Tending 


H.M.a  ••  Vlcto 
KaDMrael." 


CHAPTER   XIV. 

SHAPING    THE    C50URSE. 

At  first  sight  this  seems  a  simple  enough  afiair ;  and  yet  there 
are  often,  if  not  always,  many  matters  of  moment  which  require 
clue  deliberation  before  the  actual  Course  to  be  steered  can  be 
given  to  the  helmsman. 

Until  within  a  recent  period,  the  Course  was  set  to  the  nearest 
quarter  point ;  and  with  short  junks  of  vessels — which,  especially 
when  running,  yawed  a  handful  of  points  either  way — this  was 
near  enough,  perhaps ;  but  the  old  "  three-handled  serving  mallet" 
is  fast  disappearing.     The   high-pressure   navigation   of  to-day  Oonrse  now 
demands  much  greater  precision;   and,  in  large  steamers  at  all Satead^^*** 
events,  the  Course  is  now  rarely  given  otherwise  than  in  degrees.  Quarter 
Indeed,  some  of  the  new  pattern  compass-cards  are  so  graduated 
as  to  leave  it  no  longer  optional. 

To  the  man  unaccustomed  to  it,  this  steering  to  degrees  seems 
tather  absurd,  as  he  is  almost  certain  to  regard  it  as  a  vain  striving 
after  the  impossible.  But  when  he  discovers  that,  day  after  day, 
the  long  and  finely-modelled  vessels  of  present  build  actually  make 
the  desired  Course,  his  unbelief  gives  place  to  astonishment,  and 
he  is  fain  to  admit  that  the  world  progresses. 

To  conduct  a  vessel  from  one  place  to  another,  when  out  of 
sight  of  land,  involves  a  knowledge  of  the  True  Course,  the 
Correct  Magnetic  Course,  and  the  Compass  Course. 

The  True  Course  is  the  angle  made  with  the  meridian  by  a  The  True 
straight  line  on  the  chart,  drawn  to  connect  the  ship's  position  ^'*"*' 
with  the  place  bound  to.     This  angle  is  readily  ascertained,  after 
tlie  manner  already  described,  by  means  of  the  Protractor,  Field's 
Parallel  Ruler,  or  the  common  ebony  one  (the  latter  being  used  in 
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^2  THE  THREE  KINDS  OF  COVBSES. 

coDJUDCtioa  with  the  true  compass  diagram  on  the  charl 
calctilation. 

The  CORBECT  Magnetic  Couese  is  derived  from  the  Trna 
Coarse  by  applying  to  it  the  Variation  at  place  of  ship,  which  may 
be  obtained  with  accuracy  from  the  Magvelic  Chart  of  the  World. 
Easterly  variation  is  applied  to  the  left,  and  westerly  variation  to 
the  right  of  the  true  course.  Thus,  if  the  True  Course  is  North, 
and  the  variation  is  20°  Easterly,  the  CoBBECT  Magnetic  Course 
would  be  N.  20°  W. 

The  Compass  Coubse,  or  course  to  steer,  ia  found  by  applying 
tbe  Deviation  to  the  Correct  Magnetic  Course — Easterly  to  left, 
and  Westerly  to  the  right,  just  as  you  would  with  Variation. 
Consequently,  when  these  two  elements  in  the  Course  are  of  the 
same  name,  they  are  to  be  applied  in  the  same  direction,  and 
vice  versd. 

It  is  usual  to  speak  of  Easterly  Variation  and  Deviation  as 
plus  (+),  and  of  Westerly  Variation  and  Deviation  Bsininu8(  —  ). 
Thus,  if  the  Correct  Magnetic  Course  is  N.  20°  W.,  and  the 
Deviation  is  —  20°,  the  Compass  Course  would  be  North. 

ITiis  manner  of  distinguishing  tbe  name  of  the  Variation  and 
Deviation  by  the  plus  and  minus  signs,  though  purely  arbitrary, 
is  convenient  when  one  liaa  become  accustomed  to  it.  Thus,  in 
the  example  just  given,  we  have  North  for  the  TbuE  Col'rse, 
with  +  20°  of  Variation,  and  —  20°  of  Deviation;  since,  aa 
Algebraists  are  aware,  these  two  quantities  neutralize  each  other, 
being  equal  in  amount,  but  of  opposite  names,  it  is  evident  that 
the  Compass  Course  m\ist  be  North,  or  the  same  as  the  Tuu;^ 
Course.  h 

As  a  further  illustration,  let  the  True  Coubse  be  K  40'  E.,  wH 
Variation  —  38',  and  the  Deviation  +  18°.     Then,  taking  thett^ 
ditference   (being  of    contrary  names),   we   have  —  20'   as   tha 
remainder ;  or,  in  other  words,  the  correction  is  20°  Wly.,  which 
makes  the  Compass  Coubse  N,  60°  E.  ^m 

Variation -     38°    Being  of  contrarj  aamea,  ^H 

DevintioD +     IS"    Uke  llieir  differenc&  ^H 

Corrtction —     20°    Appiytotheright,being  Wwlerijr. 

Tbdb  OoOBSl.    ...     .     N.    40°  E. 

OoUPAsa  CoDBSB    .    .     ,    K.     CO"  K 

The  tyro  must  guard  ugaJust  the  mistake  of  using  tlie  pre 
plus  and  minus  in  their  arithmetical  sense,  since  in  the  f 
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just  described,  a  minvs  correction,  though  subtractive  in  the  S.E. 
and  N.W.  quadrants,  is  additive  in  the  N.R  and  S.W.  quadrants.* 
To  give  a  case  where  the  Variation  and  Deviation  have  the. 
same  sign,  and  consequently  act  in  unison,  let  the  True  Coukse 
be  S.  76**  W.,  the  Variation  +  24^  and  the  Deviation  +  16";  the 
Ct/rrection  would  be  +  40^  making  the  Compass  Course  S.  35°  W, 

Variation +     24°    Being  of   same  name  add 

Deviation +     16°    them  together. 

Correction +    40®    Apply  to  the  left,  being  Easterly. 

Tbub  Couese    ....    S.    76°  W. 

CkiMPASs  Course    .    .    .    S.    35°  W. 

In  all  iron  vessels,  and  indeed  in  most  wooden  ones  (since  the 
compasses,  even  of  the  latter,  are  seldom  altogether  free  from  the 
influence  of  iron),  the  above  "rendering  down"  of  the  True 
Course  into  the  Compass  Course  is  absolutely  necessary. 

The  navigating  outfit  of  a  foreign-going  vessel  is  incomplete  Magnetio 
without  a  Magnetic  Chart  of  the  World.     The  Admiralty  publish  Chart  of  tiit 

World. 

one,  giving  single  degree  curves  of  equal  Variation,"}-  and  many, 

if  not  all,  of  their  Ocean  Charts  give  the  curves  for  every  fifth 

degree.     On  the  first-named,  which  is  now  issued  for  the  year 

1880,  there  is  a  chartlet  shewing  the   annual  change  in  the 

Variation.     A  knowledge  of  this  change  is  important,  as  in  many 

parts  of  the  world  it  is  very  rapid,  and  after  a  few  years  the 

correction  becomes  quite  a  consideration.      Thus,  on  the  North  Annual 

Coast  of  Ireland  the  Variation  is  decreasing  at  the  rate  of  about  c^^*^  *»  ^« 

°  Variation, 

1°  in  seven  years,  which  soon  mounts  up;   and  in  the  English 

Channel  the  rate  is  about  1°  in  eight  years.     In  some  localities 
the  Variation  is  nearly  stationary,  and  in  others  it  is  increasing. 

Pilots  are  not  always  acquainted  with  this  peculiarity  of  terres- 
trial magnetism,  and,  in  consequence,  many  of  the  old  ones  give 
Courses  which  may  have  been  the  correct  thing  when  they  were 
apprentices,  but  are  so  no  longer.     For  example,  quite  recently  a  LUbmty  to 
very  experienced  Channel  pilot  gave  the  correct  magnetic  bearing  ^^^^^i 
of  the  South  Foreland  lights  when  in  one  as  W.  by  N.,  though  in  baaringa. 
reality  it  is  now  little  better  than  W.  ^  N. ;  and  on  being  told  so. 


mtm    m     ^a 


*  The  reader  will  remember  that  when  the  daily  rate  or  the  accumulated  error  of 
a  chronometer  is  marked  with  the  prefix  +,  it  means  that  the  one  is  gaining,  and  that 
the  other  i^  fa»t,  and  not  as  an  indication  that  they  are  quantities  to  be  added, 

t  These  are  termed  *'Isigonio  Curyes.'* 
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said  he  was  certain  he  ^vas  right,  as  he  recollected  hearing  it  tbtts 
given  since  he  was  a  boy,  and  he  was  not  aware  that  the  light- 
houses had  ever  been  moved  from  tlteir  original  pUxces. 

Where  there  ia  a  wide  expanse  of  ehoal  water,  and  only  a  nar- 
row channel,  half  a  point  in  thick  weather  or  at  night  may  just 
make  all  the  difference  between  danger  and  safety.  ]q  r  mn  of 
ten  miles  it  would  throw  the  ship  one  mile  out  of  her  propei 
course. 

Certain  cheap  and  csefnl  almanacs,  much  in  favour  with 
coasters,  contain  tables  of  Channel  Courses ;  but  it  is  evident, 
from  what  has  just  been  stated,  that  in  a  comparatively  sliort 
time  these  tables  must  iieeJ  revision.  A  man  with  a  chart  doe» 
not  require  such  dry  nursing,  and  a  ship  navigated  without  one  is 
not  safe. 

There  are  parts  of  the  world,  also,  where  a  trifling  change  in 
the  ship's  position  means  a  comparatively  largo  change  in  the 
amount  of  Variation.  These  localities  are  easily  recognized  on 
the  Magnetic  Chart  by  the  crowding  together  of  the  Variation 
curves;  and  when  the  ship's  track  happens  to  lie  across  these 
curves,  it  ia  necessary  to  be  more  than  usually  careful  with  th« 
compass  courses.  . 

Between  Nantucket  and  Cape  Race,  for  example,  a  fast  steamerJ 
will  increase  the  Variation  as  much  as  10°  in  a  single  day's  nm^ 
and  a  want  of  due  appreciation  of  this  fact,  through  not  having  ' 
a  Variation  Chart,  has  probably  been  one  of  the  causes  which 
have  led  to  so  many  cases  of  stranding  in  this  neighbourhood. 
When  shaping  a  course  in  such  a  locality,  it  is  advisable  to  measaro 
off  on  the  Magnetic  Chart  the  probable  run  during  the  ensaing  24 
hours,  and  so  ascertain  the  change  which  will  take  place  in  the 
amount  of  the  Variation  in  that  time ;  then  alter  course  every 
▼utouiui.       "  eight  bells  "  to  the  required  extent.     Supposing  the  change  of 
Variation  in  a  day's  run  to  be  6',  it  would  be  properly  met  by 
altering  the  course  1°  every  four  hours.     This  is  a  long  way  bottM* 
than  employing  the  mean  value  of  the  Variation  at  both  ends  o{ 
the  run,  and  steering  one  course  lhrougli.out. 

It  is  evident  that  if  tills  last  mentioned  and  more  common  plaa 
should  be  pursued,  the  vessel's  track  will  be  actually  a  carve 
instead  of  a  straight  line ;  and  if  the  course  should  happen  to  be 
a  "  fine  "  one,  set  to  pass  within  a  few  miles  of  an  outl^Hng  ahoat, 
this  loose  manner  of  doing  it  might  lead  to  disa.ster  in  those  cams 
where  Oie  convex  or  outer  aide  of  tht  curi>e  ciuiiictd  Iq  lU  tHfc  tUt 
sanu  aide  as  the  danger. 


I 
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Sometimes,  when  steering  on  a  Great  Circle  track,  the  Variation 
i^ccidentally  alters  in  the  same  proportion  as  the  True  Ck)URSE,  so 
that  there  is  no  necessity  for  changing  the  Compass  Course  as 
long  as  this  condition  prev€kils. 

The  reader  now  comes  to  a  point  demanding  special  attention.  R«t«itiv» 
At  first  it  may  be  a  little  diiScult  to  understand,  but  its  import-  tbe  poasibio 
ance  will  not  allow  it  to  be  overlooked.      It  has  reference  to  this  S^^' 
periodical  changing  of  the  Course  in  accordance  with  the  increase 
or  decrease  of  Variation  as  the  vessel  progresses,  and  the  bothering 
efiect  of  Retentive  Magnetism.     Many  iron  steamers  bound  to 
New  York  have  got  ashore  at  various  times  on  the  "  Georges " 
and  Sable  Island,  when  those  in  command  thought  they  were  well 
to  the  Southward.     An  unusual  set  of  current  generally  gets  the 
blame  in  these  cases ;  the  writer  hopes  to  make  it  clear,  however, 
that  current  was  not  necessarily  the  cause  of  the  stranding,  though 
it  may  sometimes  have  contributed  to  it.     A  number  of  petty 
things,  when  acting  in  the  same  direction,  will  produce  a  large 
effect ;  therefore  it  is  necessary  to  notice  those  which,  taken  by 
themselves,  would  be  seemingly  trivial. 

By  consulting  the  Magnetic  Chart,  it  will  be  seen  that  the 
amount  of  variation  on  the  coasts  of  New  England  and  Nova 
Scotia  changes  very  rapidly  in  a  short  distance.  Now  a  careful 
navigator  would  undoubtedly  allow  for  this  by  steering  a  more 
southerly  compass  course  as  the  Westerly  Variation  decreased; 
but  he  might  lose  sight  of  the  fact  that  this  change  of  course — 
small  as  it  might  be — would  probably  cause  almost  a  proportion- 
ate increase  in  the  Easterly  Deviation  of  his  compasses,  and  thus 
counteract  the  effect  he  desired  to  produce.* 

It  has  been  shewn  in  a  previous  chapter  that  compasses,  when 
under  the  influence  of  Retentive  Magnetism,^  always  hang  back 
in  the  direction  of  the  last  course.  Now,  in  vessels  crossing  the 
Atlantic,  this  effect  is  very  marked  when,  near  the  end  of  the 
passage,  they  come  to  be  put  upon  Northerly  or  Southerly  courses ; 
and  badly  placed  compasses,  which  may  be  nearly  correct,  say  on 
West,  speedily  acquire  a  large  +  error  as  the  course  is  changed 
towards  the  South,  and  a  —  one  as  it  is  changed  towards  the 
North,  on  points  where  previously  no  error  existed."f"  •  This  error 


*  CoDsalt  Towton,  page  15,  on  this  point 

t  Iian  U  now  lo  much  used  for  deck  fittings  of  all  kinds,  that  it  is  often  extremely 
diiBoolt  to  hit  vpon  even  a  fairly  good  place  for  the  compasses.  A  subject  of  such 
^tital  mportanOt  however,  should  have  the  best  attention  of  both  owners  and  builders 
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may  grow  with  Buch  rapidity  at  every  change  in  the  course  aa 
Very  nearly  to  equal  the  amount  of  that  change,  and  tlierel>7 
frustrate  its  intention. 

The  neutral  line  which  separates  the  +  and  —  Deviations  con- 
sequent on  Retentive  magnetism,  may  be  termed  the  "Critical 
point ;"  and,  for  Trans- Atlantic  steamers,  it  is  about  East  goin^ 
one  way,  and  West  \?hen  going  the  other. 

Near  the  termination  of  the  Eastern  passage  the  retentiv* 
magnetism  causes  a  minus  error  on  Southerly  courses,  aad  ft 
pliia  one  on  Northerly  courses.  Reverse  this  for  a  west-boanil 
ship. 

After  a  straight  run  of  several  days,  it  is  not  uncommon,  when 
the  compass  is  badly  placed,  to  find  the  Deviation  increase  fully 
half  a  degree  for  every  degree  of  alteration  in  the  compasa 
course.  For  example,  on  W.  by  S.  J  S.  (by  compass)  let  tha 
Deviation  be  half  a  point  easterly ;  but  if  the  course  be  altered  to 
W.S.W.  (by  compass),  the  Deviation  will  probably  increase  to 
three-quarters  of  a  point. 

In  the  first  case,  the  actual  direction  of  the  ship's  head  (correct 
magnetic)  would  be  W.  by  S. ;  and  in  the  second  case  it  would  be 
only  VV.  by  S.  J  S.  (correct  magnetic),  or  a  quaiier  of  a  point 
more  to  the  sootliward,  though  by  compass  apparently  k<U/  a 
BQitfof  point  to  t!ie  southward  of  the  original  course.  This  is  one  of 
My'viAMi  ^^^  great  evils  of  a  badly  placed  compasa;  and  if,  in  additioa 
to  this  drawback,  the  adjustment  be  of  an  indifierent  character, 
the  evil  will  be  augmented ;  and  whon,  to  the  direct  effect  of  tha 
Itetentive  magnetism  just  mentioned,  is  added  the  swing  of  tha 
card  produced  by  the  incessant  and  perhaps  violent  motion  of  tha 
ship — which,  in  its  twni,  allows  the  viagnetic  disturbing  fares  to 
act  upon  tlie  iieedle  at  angles  which  are  constantly  varying — to 
make  a  gooil  course  is  clearly  a  hopeless  matt«r.  Under  such 
circumstances  the  unfortuuate  Quartermasters  too  often  get 
roundly  rated  for  careless  steering,  when  the  truth  is,  the  best  of 
helmsmen  would  be  puzzled  to  keep  the  ship's  head  straight  oa 
any  course  for  even  two  minutes  at  a  time. 

It  follows  that  the  navigator,  when  hauling  to  the  Southward 
in  the  locality  named,  should  bear  in  mind  this  tendency  of  tb« 
ship  to  hang  to  the  Westward,  and  make  ample  allowance  for  it, 
according  to  existing  circumstances.     If  sun,  moon,  or  stars  bo 
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visible,  azimuths  will  speedily  tell  him  the  true  state  of  the 
case ;  but  if  these  are  not  available,  there  is  nothing  like  the  Deep^ 
Sea  Lead,  which,  on  the  Ekustern  coasts  of  the  United  States,  may 
be  depended  upon  as  a  reliable  guide  to  avoid  danger. 

We  now  come  to  Great  Circle  Sailing.     Most  people  sturdily  Oreat  CHrda 
refuse  to  admit  that  a  curve  joining  any  two  places  constitutes  ' 

a  shorter  distance  between  them  than  a  straight  line  would ;  and 
in  this  they  are  perfectly  correct  A  straight  line  is  the  shortest 
distance  between  any  two  points ;  and  it  is  because  the  opposite 
idea  is  conveyed — unintentionally,  of  course — by  an  imperfect  or 
badly  put  explanation  of  Great  Circle  Sailing,  that  there  are  still 
sailors  who  refuse  to  believe  in  it ;  or  if  otherwise,  it  is  solely 
because  they  have  a  vague  idea  that  the  distance  is  lessened  ou 
account  of  the  degrees  of  longitude  being  shorter  in  high  lati- 
tudes, forgetting  that  to  arrive  at  these  short  degrees  of  longitude, 
additional  degrees  of  latitude  would  have  to  be  sailed  over.  As 
a  matter  of  fact,  the  short  degrees  of  longitude  have  nothing  to 
do  with  it.  When  the  Great  Circle  track  is  laid  down  on  a 
Mercator's  Chart,  and  compared  with  a  straight  line*  ruled  between 
the  same  points,  it  certainly  does  seem  odd  to  be  told  that  the 
curved  track  is  the  shorter  of  the  two,  and  that  to  sail  on  the 
straight  line  (as  laid  down  on  the  chart)  would  be  to  go  over 
unnecessary  ground. 

The  key  to  the  puzzle  lies  in  the  fact  already  stated,  that  a 
chart  on  Mercator's  projection  gives  a  distorted  representation  of 
the  earth's  surface;  and  its  construction  is  such,  that  the  shortest 
distance  between  any  two  points  on  the  globe  is  represented,  not 
by  a  straight  line,  but  by  a  certain  curved  line  termed  a  Great 
Circle,  which,  if  carried  round  the  world,  would  divide  it  into  two 
equal  portions,  and  whose  plane  would  in  every  case  pass  through 
its  centre.    The  only  exceptions  to  this  rule  are  those  where  the  ueridlani  * 
straight  line  on  the  chart  happens  to  coincide  with  the  equator,  or  ^*  ^^i^^'^* 
with  a  meridian,  since  both  these  are  Great  Circles  in  themselves,  ttraigiit  lines 
It  follows,  with  these  exceptions,  that  a  straight  line  between  any  ^rt^'^MST" 
two  places  on  a  Mercator's  Chart  is  always  a  round-about  route,  represent 
being  more  so  in  polar  regions  than  in  equatorial  onea 

This  is  easily  put  to  a  direct  and  simple  test  by  means  of  a 
good  terrestrirf  globe,  say  two  feet  in  diameter,  and  a  general  chart 
of  the  North  Atlantic  on  Mercator's  projection.  Let  it  be  required 
to  find  the  shortest  possible  distance  between  the  lighthouse  on 


*  This  stnught  line  it  known  m  a  Khomb  line,  or  Loxodromio  Curve. 
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the  islaii'l  of  Iniahtrahul,  off  the  north  coast  of  IrelanJ,  and  tin 
Oil  Belie  Isle,  at  the  entrance  to  the  atniits  of  the  same  name. 

On  the  globe,  at  each  of  the  places   mentioned,   drive 
common  brass  pin,  and  stretch  a  piece  of  fine  silk  threa'l  tightl; 
Bow  to  fn)m  cue  to  the  otlier.*     Every  one  will  admit  rea'lily  enough  thi 

Great  circle  *^'^'^  thread  marka  the  shortest  possible  road  between  the  twtt 
jlo&B.  places ;  there  can  be  no  doubt  of  that.  This,  then,  is  the  r&- 
quired  Great  Circle  track,  and  if  carried  right  round  the  globo, 
would  be  fouud  to  divide  it  exactly  in  half,  SMAtL  CIRCLES,  on 
the  other  hand,  divide  tlie  earth  into  two  uiiequui  portions,  aud  in 
consequence,  their  planes  cannot  pass  through  its  centre.  Now 
examine  the  angle  the  thread  makes  with  tlie  various  mcridiAns  it 
crosses,  and  in  each  cose  the  angle  will  be  seen  to  be  differeol 
eliewituf  that  on  a  Great  Circle  tlus  Tkue  Course  is  contim 
alterinfj. 

Next  measure  with  care  the  exact  latitude  in  which  the  thi 
cuta  each  of  the  meridians  on  the  globe,  and  prick  off  on 
chart  the  several  positions  thus  ascertained.  Connect  them  ii 
free-hand  by  pi;ncil  lines,  and  it  wdl  be  seen  that  the  nearest 
distance  between  luishtrahul  and  Belle  Isle  is  represented  oh  th* 
cliart  by  a  curve,  differing  very  widely  from  the  straight  lina 
To  prora  thai  drawn  between  the  two  places  on  the  some  chart  Next,  by  way 
oreatctoii*  °''  pi'tiof-  try  what  the  etrahjht  line  on  the  cliart  looks  like  wk«it 
uibemonait  (nuisjeiTcd  to  the  globe:  so  just  reverse  the  last  process, and  priok_ 
between  two  off  on  (lie  globe  the  latitndo  of  tlie  straight  lino  where  it  cats  t 
"**'*'■  meridians  on  the  chart.     Drive  in  a  pin  at  each  such  point;  i 

from  one  to  the  other,  and  on  their  southern  or  convex  side,  stretc 
a  second  piece  of  thread,  and  it  will  be  seen  with  half  an  eyo  t 
the  straight  line  on  the  chart  is  actually  a  round-about  one  wbai 
laid  down  on  the  globe.  Tiiis  will  be  mode  still  more  apparent 
by  removing  the  iutermediate  row  of  pins  last  inserted,  when  thn 
second  thread  will  become  quite  slock,  which  could  not  be  tb« 
cose  if  it  had  been  the  measure  of  the  shortest  distance  between 
the  places. -f- 

A   ship  navigated   on   the  straight-line   course  of   the  chirt, 
never  had  her  head  In  the  exact  direction  of  the  port  bound  to 


ans  it 

brea^l 
n  tI«H 
n  in  *^l 


*  Whkt  <lii  cirpeuten  when  &aj   wiah  to  muk  ■  perfectly  stnt^jht  line  butwt 

t  Vat  iha  porpOM  of  utnkl  ddmnnitn 
ii  nthsr  iinall.     The  priadple  wuuld  b 
Mrrentiir  Mid  Great  Cirtle  lr»ck«  betwwn  t^»pe  Hani  and  the  Ci^  of  QooJ  Uopi 
or  (ruiu  (hs  Uttar  i.l»«  tu  Hobir  ~ 
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untU  it  is  in  sight    On  the  other  hand,  a  vessel's  head,  when 
following  the  Great  Circle  track,  is  all  the  time  pointed  exactly 
towards  the  port  bound  to.     If  it  were  only  possible  at  starting  True  Count 
to  aee  her  destination  from  the  masthead,  and  the  ship  was  steered  ^^  JJ* 
unswervingly  for  it,  she  would,  in  such  a  case,  be  sailing  on  the  constantly 
Great  Circle  between  the  two  places ;  and  it  would  be  found  by  a      "       * 
series  of  azimuths,  taken  as  the  voyage  progressed,  that  the  True 
Course — or,  in  other  words,  that  the  angle  her  track  made  with 
the   meridian — was  continually  changing,  though  the   absolute 
direction  of  the  ship's  head  did  not  vary  a  single  degree  from  first 
to  last.     But  if  the  vessel  were  navigated  on  the  Mercator's  Tnio  Oonna 
course,  it   would  be   seen  that,  at   starting,  her   head  pointed  eator't  tnuik 
considerably  towards  the  equatorial  side  of  the  port  bound  ^^^^,^1?"*!' 
and  only  turned  gradually  towards  it  as  the  voyage  progressed. 
Azimuths  taken  from  time  to  time  would  shew  no  chano:e  in  the 
True  Course. 

This  will,  perhaps,  be  better  understood  from  a  consideration  of 
the  fact  that  the  Mercator's  track  cuts  all  the  meridians  at  the 
sa/me  angle  ;  and  since  on  tlie  globe  these  meridians  are  not  parallel 
to  each  other,  it  follows  that,  to  enable  this  condition  to  be  ful- 
filled by  the  ship,  she  must  pursue  a  circuitous  route.  The  saving 
in  distance  is  not  always  th^  only  advantage  gained  by  Great 
Circle  sailing.  It  often  happens,  in  a  sailing  ship  especially, 
that  a  foul  wind,  according  to  the  Rhumb  or  straight  line  course,  is 
actually  a  fair  one.     Raper  says : — 

"  Indeed  it  is  only  on  laying  down  the  Great  Circle,  which  alone 
shews  the  real  direction  of  the  port,  that  it  can  be  decided  whether 
the  wind  is  foul  or  not  for  a  distant  port." 

Take,  for  instance,  the  case  of  a  vessel  bound  from  Quebec  to  windward 
Greenock  or  Liverpool.     The  true  course  and  distance  by  chart  ni^iHny 
from  Belle  Isle  lighthouse  to  Inishtrahul  lighthouse  is  N.  83*  R, 
1,722  miles ;  but  the  distance  on  the  Great  Circle  is  1,690  miles, 
or  32  less ;  whilst  the  course  at  starting  is  N.  63^"*  E.,  or  19^*"  more 
to  the  northward.     Now,  if  a  sailing-ship,  on  clearing  the  Strait, 
has  the  wind  at  E.  ^  N.,  it  would  at  first  seem  immaterial,  on 
looking  at  Mercator's  chart,  which  tack  she  was  put  upon ;  but  if 
placed  on  the  starboard  tack,  she  would  lie  up  within  3^  points  of 
the  true  direction  of  her  port ;  whilst,  if  placed  on  the  other  tack, 
instead  of  approaching  her  port,  she  would  be  actually  going  away 
Jrora  it 
.  The  following  is  a  still  better  example  of  the  advantage  gained 
by  Great  Circle  sailing.     It  is  taken,  by  permission,  from  a  first- 


BRlCGE.y'S  EPITOME  AND   HIS 


class  practical  Epitome  of  Navigation,  written  by  Captain  Williai 
C.  Bergen,  of  Sunderland : — 

"Given  the  ship,  off  Flindera  latand,  Bass  Strait,  in  lat  40°  0'S.,long.  148" 
30'  K,  bound  to  Callao,  in  lat  12°  4'  &,  long-  77*  U'  W.  It  ia  required  to 
compare  tlie  Great  Circle  and  Mcrcator's  trackg. 


Bxunpla  fnni     The  Mercntor 
Bpltoma. 


To  COMPARE  TUE  Courses. 

e  ia  K  by  N.  i  N.,  and  the  first  Great  Ciitle  c- 


from  E.  by  N.  t  N.,  that  is,  right  ahead  by  the  Mercator  track.  To  a  person 
ignorant  of  Great  Circle  sailing,  it  would  appear  a  matter  of  indifference,  ao  far 
afi  the  wind  was  concerned,  on  which  tack  the  veaael  were  put  Suppoee  one 
vessel  to  be  put  on  the  atarboard  tack,  and  that  she  could  make  a  course  good 
six  points  from  the  wind.  Then  her  course  made  good  would  be  N.  j  K, 
which  differs  from  the  Great  Circle  course  I0|  points,  and  the  veaeel  vonl4 
lose  50  miies  in  the  first  100  sialed. 

Suppose  another  vessel  to  be  put  upon  the  port  tack.  Then  her  coniM 
made  good  would  be  S.E  J  S.,  that  is,  within  1^  points  of  the  firat  Oreal 
Circle  course,  and  she  woidd  gain  9T  mites  in  the  first  100  sailed. 

The  two  ships  sail  each  100  miles,  and  one  is  50  miles  further  from  ha 
port  thtin  when  she  started ;  the  other  ia  97  milea  nearer  than  when  abt 
started  ;  thus,  in  this  case,  making  a  difference  of  147  miles  in  less  than  ooa 
day's  sail  in  favour  of  Great  Circle  sailinj^ 

Again,  suppose  the  wind  to  come  strong,  say  half  a  gale,  from  the  X.  ]  £ 
Then  the  vessel  on  the  Mercator  track  would  lie  her  course,  but  she  would  ba 
close-hauled,  and  it  would  be  necessary  to  reduce  nail  in  order  to  eaae  ths 
vessel,  so  that  she  would  be  forging  ahead  at  the  rate  of  from  1  to  3  mileH  on 
hour,  and  at  the  same  time  mukiug  from  2  to  4  points  leeway  ;  but  the  reaoel 
on  the  Great  Circle  track  would  have  the  wind  ou  the  quarter,  aho  would  cany 
double-reefed  topsails,  mainsail,  and  jib,  and  would  be  going  at  the  nl«  of 
from  e  to  8  miles  an  hour. 

Again,  suppose  the  wind  to  increase  to  a  heavy  gale  from  the  North,  ssd 
cause  a  high  sea  Then  the  ship  may  run  South  until  the  fury  of  the  gKle  !• 
Bpeut,  and  she  will  at  the  suuve  time  gain  63  miles  in  the  firat  100  a 


To  COltPAKK  THB  DISTANCES. 

The  distance  by  the  Mercator  track  is  7321   miles,  and  that  by 
Circle  is  6772  miles,  which  therefore  b  shorter  than  the  Mercator  by 
miles,  and  it  therefore  should  be  adopted,  if  polar  regions,  land, 
and  currents  will  allow." 
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(jpj^jj^  When  these  two  tracks  are  at  their  greatest  point  of  separaUoo, 

oooastonal  they  aro  al>out  1500  miles  apart,  and  it  will  be  readily  uadentood 
ft«at  circi*  that  thia  may  mean  k  very  ditferent  state  of  things  in  regard  to 
I  ■•'*i°i^  winds,  weather,  and  currents.     This  is  strikingly  exemplified  in 

the  example  just  given,  ia  whicli  everything  is  in  favour  of  tbs 
Great  Circle  track. 


GSEAT  CIRCLE  TRACK  CHARTS. 
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It  is  also  shewn  on  the  route  between  Liverpool  and  Pliila- 
delphia  To  follow  the  Gioat  Circle  tiack  on  this  voyage,  the 
vessel  must  leave  by  the  northern  branch  o£  the  Irish  Channel, 
which,  being  shorter  than  the  other,  is  of  course  much  sooner 
cleared.  The  time  occupied  from  land  to  land  by  a  fast  steam- 
ship is  leas  than  five  days,  a  circumstance  in  itself  very  reassunng 
to  passengers,  who,  when  they  see  Cape  Race,  consider  the  dangers 
of  the  voyage  aa  practically  at  an  end.  The  weather  is  un- 
doubtedly less  stormy,  though  perhaps  a  trifle  colder  than  that 
experienced  in  the  trend  of  the  Gulf  Stream.  Should  any 
rotatory  gales  be  crossing  the  Atlantic,  the  chances  are  greater  for 
the  ship  being  on  their  easterly  wind  side.  Fewer  vessels  are 
met  with,  and  cou.wqucntly  less  risk  of  collision :  and  lastly,  the 
adverse  current  of  the  Gulf  Stream  is  completely  dodged  by 
getting  inshore  of  it  at  Cape  Race,  from  which  point,  down  in- 
side Sable  Island,  to  the  Delaware,  there  is  nearly  always  a 
favouring  current,  and  much  less  sea  in  the  North- West  gales. 
Unfortunately  this  route,  from  the  liability  to  encounter  fog  and 
ice  at  other  seasons,  is  only  safe  during  the  late  autmmn  and 
wiuter  months. 

There  are  many  modes  of  calculating -the  data  for  Great  Circle 
tracks,  but  all  are  tedious,  more  or  less ;  and  it  ia  veiy  desirable 
that  there  should  be  some  graphic  method  of  doing  this,  so  as  to 
enable  the  navigator  to  see  at  a  glance  whether  it  is  ])racticable 
or  not,  also  what  winds  and  currents  he  may  expect  by  following  it. 
This  desideratum  has  been  well  supplied  by  Captain  W.  C,  Bergen,  1 


aeries  of  Great  Circle  traek  charts.  These  are  so  constructed,  that 
a  Btraiijkt  line  drawn  on  them  between  any  two  places,  represents 
the  required  Great  Circle  track. 

Once  satisfied,  by  reference  to  these  u.seful  charts,  of  the  advisa- 
bility of  the  route  thereon  indicated,  the  track  should  be  trans- 
ferred for  greater  convenience  to  a  Mercatoi's  chart  of  larger 
scale :  this  is  usual!}'  done  by  mea'iuring  the  latitude  of  the 
straight  line  where  it  is  intersected  by  the  various  meridians, 
and  pricking  off  on  the  working  sheet  the  points  thus  ascertained. 
When  the  meiidian.'i  are  only  drawn  at  every  10th  degree  of 
longitude,  this  is  scarcely  sufficient  for  accuracy ;  in  which  case  the 
latitude  and  longitude  of  the  line,  at  as  many  intermediate  points 
a«  may  be  deemed  necessary,  should  be  deUTuiincd  and  transferred 
iu  the  same  manner.  By  connecting  these  points  tn  pencil,  the 
r  Oreat  Circle  track,  as  shewn  on  a  Mercator's  chart,  is  at  onco 
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obtained,  and  that,  too,  by  a  very  simple  operatioD,  which  need 
not  occupy  more  than  a  few  minutes,  and  is  familiar  to  every  one, 
A  protractor  of  novel  construction  is  supplied  with  each  chart,  for 
laying  off  the  course  at  any  part  of  the  route ;  and  the  instructions 
for  its  use  are  very  plain,  so  that  the  navigator  can  pleaae  him- 
self as  to  how  he  doe.s  it. 

The  principle  upon  which  Captain  Bergen  has  constracted  his 
charts  has  been  fully  endorsed  by  the  late  Astronomer-Royal,  and 
other  eminent  mathematicians.  For  laying  down  Great  Circle 
tracks,  it  may  be  said  with  confidence  that  there  is  nothing  1 
BO  handy  as  these  charls,  and  their  very  low  price  places  tliM 
within  reach  of  all. 

■rnekon  Another  important  point  in  connection  with  this  subject  hoi 

orMtonte  pi'esents  itself.  It  must  not  be  overlooked  that,  as  the  Ore 
Cir!ile  track  is  the  shortest  possible,  there  must  be  another  on  i 
pnlar  aide  equal  in  length  to  the  Mercator's  track;  so  that,  if  from 
any  cause  it  should  be  deemed  expedient  to  adopt  tliis  last  route, 
or  if  forced  on  to  it  by  head  winds  or  obstructions,  it  is  consoling 
to  know  that,  though  to  the  eye  it  is  apparently  a  terrible  round, 
such  is  not  really  tlie  cose,  or,  at  all  events,  that  it  is  not  more  so 
than  the  Mercator  course. 

One  lesson  to  be  derived  from  the  foregoing  is,  that  whoa  iij 
doubt  for  the  moment  as  to  the  tack  to  go  upon  wtlh  a  hei 
wind,  no  very  great  harm  can  be  done  by  putting  the  vessel  t 
the  one  which  lies  oil  the  polar  si'tVe  of  the  Mercator  co 

The  principle  of  Great  Circle  sailing  may  be  made  yet  plain 
by  a  consideration  of  the  following  cose.  Suppose  three  < 
lofty  mountains — each  lOO  miles  apart  from  the  other — to  be 
situated  in  some  high  latitude,  such  as  Scotland,  or  Tierra  del 
Fuego ;  and  that  an  observer  on  the  most  eastern  summit  foond 
that  all  three  peaks  lay  precisely  in  tlie  same  straight  line ;  acd 
that  the  tiiie  bearing  of  that  line,  us  meaam-ed  from  kis  own 
meridian,  by  careful  theodolite  observations  of  the  heavenly 
^nirth*  bodies,  was  exactly  West  (90).  If  this  same  observer  next 
initiftieonrMi  ascended  the  most  WetiteTtt  peak,  he  would  of  course  find,  os 
looking  back,  that  the  three  mountains  were  still  in  line  as  before; 
but  on  taking  their  true  bearing  from  this  new  position,  be  would 
now  discover  that  instead  of  its  being  due  East — the  exact  reverse 
of  what  he  obtained  at  the  first  station — it  would  be  about  K  SJ* 
N."     The  explanation  is.  that  each  bearing  was  measured  from 
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a  different  meridian  ;  and  as  these  meridians  on  the  globe  do  not 
run  parallel  to  each  other,  like  they  are  made  to  do  in  the  con- 
struction of  a  Mercator's  chart,  it  follows  that  the  true  bearings 
could  not  possibly  be  the  reverse  of  each  other,  as  one  unlearned 
in  such  matters  would  imagine  they  ought  to  be.  This  accounts 
for  the  courses  at  each  end  of  a  long  Great  Circle  track  being  so 
very  different  to  each  other. 

In  the  comparatively  short  one  between  Belle  Isle  and  Inish- 
trahul,  the  true  course  at  starting  from  Belle  Isle  is  N.  63^*"  E. ; 
but  the  true  initial  course  from  Inishtrahul  is  N.  IV  W.  On  the 
other  hand,  the  construction  of  Mercator's  chart  is  such  that  the 
true  course  between  any  two  places  is  the  same  as  starting  as  at 
the  finish,  or  at  any  intermediate  point  In  the  case  just  men- 
tioned, it  is  N.  83*"  £  in  the  one  direction,  and  S.  83*"  W.  in  the 
other. 

To  revert  to  the  three  mountains :  If  the  observer  were  a  sur- 
veyor, and  it  was  his  duty  to  lay  their  positions  down  on  a 
Mercator's  chart,  he  would  first  ascertain  very  accurately  the 
latitude  and  longitude  of  each,  and  then  prick  off  these  positions 
on  the  chart 

One  not  acquainted  with  chart  construction  would  suppose  that,  Msroator'i 
if  in  nature  the  mountain  peaks  existed  all  in  the  same  straight  ^^^^f^**^ 
line,  they  would  do  so  also  on  the  chart ;  but  it  would  not  be  sa  otdeou  in 
If  correctly  laid  down  according  to  their  ascertained  latitudes  ^£^JJ|** 
and  longitudes,  they  would  form  a  curve,  the  centre  one  lying  poiittoni. 
considerably  on  the  polar  side  of  a  straight  line  joining  the 
other  two. 

This  again  goes  to  prove  that  the  Mercator's  chart  depicts  falsely 
the  geographical  features  of  the  earth,  but  here  disparagement 
ends,  for  of  all  the  known  projections  it  is  the  one  best  suited  to 
the  general  requirements  of  the  navigator. 

By  Bergen's  charts.  Composite  Great  Circle  sailing  is  rendered 
quite  simple  ;  they  have,  moreover,  the  advantage  of  shewing  at 
once  whether  the  preference  should  be  given  to  it  or  to  the  strict 
Great  Circle.  A  pamphlet  containing  a  full  explanation  of  the 
different  applications  of  Great  Circle  sailing  accompanies  each 
chart.  But  all  this  is  somewhat  of  a  digression,  and  we  must  re- 
turn to  the  subject  which  has  given  a  title  to  this  chapter. 


son't  rays  in  the  raqnired  direction,  the  reciprooftl  true  bearings  of  Mount  Helena  an4 
Mount  Shasta  were  easily  obtained,  though  the  observers  were  192  miles  apart.  This 
la  the  longest  connection  of  the  kind  yet  made. 


Onrrrat 
SaiUiif. 
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To  allow  for  a  known  current  or  tide  when  shaping  a  course,  b 
Only  an  application  of  the  "Composition  of  Forcea"  In  the 
parallelogram  RGSG,  the  direction  SR,  in  which  the  ship  is  steered, 
gives  one  component ;  the  direction  of  the  current  SC  is  another ; 
and  the  course  made  good  SG  is  the  resultant. 

Let  P,  the  port,  bear  N.  35"*  E.  from  S.,  the  ship,  whose  rate  of 
sailing  is  8  knots  per  hour  :  let  the  arrow  represent  the  direction 
of  a  3-knot  current  setting  S.  77**  E.  From  S  lay  off  on  the 
arrow  the  hourly  drift  SG,  taking  the  measurement  from  any 
convenient  scale,  say  half  an  inch  to  the  mile.  Using  the  same 
s^ale,  take  in  the  dividers  the  vessel's  hourly  speed ;  and  placing 
one  foot  at  C,  the  other  will  fall  upon  the  line  SP  at  the  point  G. 
Draw  the  dotted  line  GC,  and  rule  SR  parallel  to  it :  also  dot  RG 
parallel  to  SC.  The  Parallelogram  is  now  complete,  and  its 
opposite  sides  are  equal  to  each  other. 


By  steering  in  the  direction  SR  =  N.  14'  E.,  the  vessel  will 
make  good  her  intended  course  SP,  and  keep  the  port  all  the 
time  on  the  same  line  of  bearing.  So  long  as  the  angle  GSC  is 
less  than  the  angle  GCS,  the  current  is  favouring  the  vessel — in 
the  present  case  to  the  extent  of  half  an  knot  an  hour.  The 
figure  need  not  necessarily  be  drawn  on  the  face  of  the  chart ;  the 
back,  or  any  spare  piece  of  paper,  will  do  equally  well ;  and  the 
scale  may  be  anything  that  is  desired.  Should  the  chart  scale  be 
employed,  it  will  generally  be  necessary  to  multiply  the  vessels 
speed  and  the  drift  of  the  current  by  some  convenient  factor — 
say  5 — so  as  to  get  a  good  working  size  for  drawing  tho  figure. 
If  5  be  used,  the  side  CG  will  equal  40  of  the  chart  scale,  and  the 
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side  8C  will  equal  15  of  the  chart  scale.     A  protractor,  or  Field's 
parallel  ruler,  can  be  used  for  laying  off  the  angles. 

From  a  consideration  of  the  diagram  it  will  be  readily  seen 
that  a  fast  vessel  in  channel,  when  running  between  any  two 
points,  is  not  so  much  influenced  by  tide  as  a  slow  one. 

In  making  up  the  reckoning,  leeway  and  heave  of  the  sea  must  Leeway,  and 
be  allowed  for  according  to  judgment,  as  it  varies  in  different  gea^ 
vessels  according  to  their  build ;  and  in  the  same  vessel  according 
to  her  draft  and  trim  for  the  time  being.  It  depends  also  upon 
the  amount  of  wind  and  sea,  and  the  sail  carried,  so  that  no  fixed 
rule  for  estimating  it  can  be  laid  down.  The  leeway  table  one 
usually  sees  in  books  on  Navigation  is  therefore  but  oflittle  value. 

There  is,  however,  a  somewhat  important  matter  to  be  con- 
sidered in  connection  with  leeway.  Suppose  a  vessel,  on  a  wind 
heading  N.W.  by  N.,  under  short  canvas,  and  looking  up  within 
3  points  of  her  port,  which  accordingly  bears  north ;  but,  owing  to 
its  blowing  hard,  she  is  making  2  J  points  leeway.  Clearly  this 
vessel  is  only  making  good  a  N.W.  by  W.  J  W,  course,  which  is 
5^  points  from  the  direction  of  her  port.  Let  her  speed  under 
these  conditions  be,  say  4  knots  per  hour.  Now  if  the  yards  be 
checked  in  a  point  or  so,  and  the  vessel  be  kept  off  N.W.  by  W., 
she  will  slip  away  much  faster  through  the  water,  and  probably 
will  make  not  more  than  half  a  point  leeway.  This  keeps  the 
course  made  good  exactly  the  same  as  before,  with  the  advantage 
of  increased  speed.  Therefore,  if  you  can  possibly  avoid  it,  do 
not  allow  your  vessel  to  sag  to  leeward  by  jamming  her  up  in  the 
wind.  Keep  your  wake  right  astern,  unless  it  be  found  from 
the  bearing  of  the  port  that  the  course  made  good  is  actually 
taking  the  vessel  away  from  it,  in  which  case  it  is  obvious  that 
the  less  the  speed  the  better. 

In  steamers  it  is  often  a  matter  for  consideration  whether,  by  ^^•'"^  ^ 
keeping  away  in  a  head  wind,  and  setting  fore-and-aft  canvas,  steameraway 
the  increased  speed  will  compensate  for  the  extra  distance  sailed SaadWtad. 
over.    It  may  be  accepted  as  a  fact,  that  by  keeping  away  in  full- 
powered  steamships,  there  is  no  advantage  gained  under  ordinary 
conditions  of  wind  and  sea.      Generally,  now-a-days,  the  sails  of 
large  steamers  are  so  disproportionate  to  the  size  of  hull,  that 
their  propelling  effect  is  but  trifling,  though  their  steadxpng  effect 
may  be  considerabla 

When  blowing  a  gale,  however,  with  a  heavy  head  sea  smother- 
ing everything  fore  and  aft,  it  is  probably  advantageous  to  ease  a 
fast  steamer  by  keeping  off  sufficiently  to  get  the  fore-and-afters 
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to  stand  with  the  booms  nearly  amidship&  By  this  means  she 
would  take  the  sea  more  kindly,  and  the  canvas  would  keep  her 
side  down,  but  she  would  probably  lose  in  the  matter  of  nearing 
her  port  On  the  other  hand,  in  an  under-powered  boat  of  small 
or  moderate  size,  it  would  undoubtedly  be  a  gain  to  assist  her 
with  canvas.  Against  a  strong  wind  and  head  sea  such  vessels 
will  do  absolutely  next  to  nothing.  In  addition  to  want  of 
power,  their  propellers  are  too  near  the  broken  surface  water; 
and  being  short  vessels,  they  ''  race  "  heavily  in  a  head  sea^  which 
necessitates  shutting  off  steam  just  at  the  time  it  is  most  required. 
In  the  long  deep  draught  vessels  of  the  trans-Atlantic  lines, 
pitching  IB  reduced  to  a  minimum,  and  the  screw,  from  being 
well  immersed,  has  a  good  grip  of  the  water,  and  is  better  able 
to  stand  up  to  its  work.  When  a  steamer  is  thus  kept  away 
under  sail,  and  a  port  is  not  far  distant,  a  point  will  be  reached 
when,  to  avoid  losing  ground,  it  will  be  necessary  to  haul  up  and 
steer  directly  for  it  The  seafaring  community  are  indebted  to 
Captain  W.  B.  Duncan,  of  the  Marine  School,  South  Shields, 
for  the  investigation  of  the  rule  for  what  he  proposes  to  call 

Mangvlar     '^Triangular  Sailing."    By  permission  it  is  here  inserted  nearly 

'•*^***-         verbatim  from  Bergen's  Epitome. 


\'/£sr    5  Hnot^. 


^^*: 


A 


In  the  above  figure,  let  H  be  the  ship's  place,  P  her  port ;  let  tli 
arrow  denote  the  direction  of  the  wind,  FSA  the  angle  that  th 
ship  must  be  kept  away  in  order  that  the  sails  may  pull ;  A  th 
place  whore  the  ship  must  bo  hauled  up  direct  to  her  port ;  A 
its  bearings  at  that  time  ;  and  let  the  rate  of  speed  in  i\iQ  directio 
SP,  SA,  and  AP,  be  respectively  5,  8,  and  5  knots  an  hou 
then  we  have  the  follow in*^ 


KEEPING  AWAY   WITH  HEAD   WIND  AND  SEA, 
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RULR 

Put  the  rates  of  sailing  in  the  form  of  a  vulgar  fraction,  of 
which  the  numerator  is  the  lesser  rate,  and  the  denominator  the 
greater  rate  ;*  reduce  this  fraction  to  a  decimal,  find  the  angle  of 
which  this  decimal  is  the  natural  cosine.  It  will  be  the  angle 
PAB  between  the  ship's  track,  SAB  when  she  is  kept  away, 
and  the  bearing  of  the  port  AP  at  the  time  she  ought  to  be 
hauled  up  for  it. 

Taking  the  preceding  rates,  we  have  by  the  rule  |  =  '625000, 
which  is  the  natural  cosine  of  51''  19',  that  is,  4^  points  roughly. 
Let  the  ship  be  on  the  starboard  tack,  and  her  course  SAB 
when  kept  away  W.S.W, ;  then  N.W.  x  W.  ^  W.  is  4j  points  from 
W.S.W.,  and  is  therefore  the  bearing  of  the  port  when  the  ship  in 
hauled  up  for  it. 

To  PIND  THE  POINT  A   ON  THE  ChAKT. 

Through  S,  the  ship's  place,  draw  SAB^  to  represent  the  course  W.S.W. ; 
and  through  P,  the  port,  draw  PA,  the  bearing  N.W.  x  W.  J  W.  The  points 
where  these  two  lines  intersect  will  determine  A.  The  distances  SA  and  AP 
can  then  be  measured,  and  the  time  of  going  these  distances  compared  with 
the  time  of  going  the  distance  SP. 

By  Calculation. 
Referring  to  the  figure  :  In  the  triangle  APS,  let  SP  =  100  miles ;  then,  by 
Trigonometry, 

SA  :  SP: :  sine  P:  sine  A. 
AP :  SP : :  sine  S  :  sine  A, 

Let  the  angle  S=2  points ;  then  the  axigle  A  ^ PAS  =180''  -  PAB '^  180' ~ 
bV  19' =  128' 41'. 

And  the  angle  P=  180'  -  (il  +  *S^=  180"  -  (128'  41'  +  22°  30')=28*»  49'.  Hence 
we  have  as  follows  : — 

To  FIND  SA,  To  FIND  AP, 

Angle  P 28**  49'    -    Sine       9-683055  ^  Angle  5^,  22«  30'    -Sine    9-682840 

Angle  PAB  61°  19'    Cosec.     0*  107665  [  Add  Angle  PAB 51''  W  Cosec 0107666 
SP  lOOr  -    -'    -    Log.       2  000000 )  .SP  100'    -    -    -    -  Log.  2-000000 

iSr^61'76     -    -    -    Log.        1-790620  -4P49'02     -    -    -Log.  1690405 


*  **  A  Fraction  it  a  qnantity  which  represents  a  part  or  parts  of  an  integer  or  whole. 
A  Vulgar  (that  is,  a  common)  fraction,  in  its  simplest  form,  is  expressed  by  means  of 
two  numbers  placed  one  over  the  other,  with  a  line  between  them.  The  lower  of 
these  is  called  the  Denominator,  and  shews  into  how  many  of  equal  parts  the  whole  is 
divided  ;  the  upper  is  called  the  Numerator,  and  shews  how  many  of  those  parts  are 
taken  to  form  the  fraction.  Thus,  f  denotes  that  the  whole  is  divided  into  four 
equal  parts,  and  that  three  of  them  are  taken  to  form  the  fraction.** — Oolrnso. 

2d 
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To  FIND  THE  Time  bavzd. 

MIUM.  KHOn  UOURl. 

SA  6175  -5-  8  =     772 
AP49m  -5-  5  =     9*80 


1752 
SP  100  -^  5  ^      20t)0 


Time  saved  «       2  48  that  is,  nearly  12^  per  cent 

Notes. — (1)  If  a  change  of  wind  occur,  the  chances  that  it  will  be  in  faroar  ci  the 
Teasel  are  aa  16  to  8.  (2)  If  the  wind  be  blowing  so  hard  that  a  small-powered  Teeaal 
cannot  steam  against  iti  tack  her  when  the  port  is  right  abeam. 


CHAPTER    XV. 

THE    DANGER    ANGLE,    AND   CORRECT   DETERMINATION   OF   DISTAKOE 

FROM  LAND. 

As  laid  down  in  a  previous  chapter,  every  captain  and  officer  on  AoqnalnUnoi 
board  ship  should  keep  a  note  of  the  height  of  the  eye  above  the  ^^^^^ 
load-line  corresponding  to  the  bridge,  upper,  and  main  decka     If  osefoi  in 
this  be  known  for  any  given  draft,  it  is,  of  course,  easily  ascer-  SSSS^* 
tained  for  any  other.     Such  information  is  useful,  not  only  for  the 
correct  application  of  the  "  Dip  "  in  every-day  sight  taking,  but  it 
is  of  importance  in  arriving  at  the  approximate  distance  from  a 
beacon  light  when  it  first  pops  into  view  above  the  horizon  in 
clear  weather.*     It  also  affords  a  ready  means  of  estimating  by 
eye  alone  the  distance  of  an  object,  by  referring  its  water-line  to 
the  sea  horizon. 

The  distance  of  the  visible  horizon  depends  mainly  upon  two 
things,  namely,  the  curvature  of  the  earth's  surface,  which  is 
constant,  and  the  height  of  the  observer's  eye,  which,  of  course, 
varies  with  circumstances;  and  this  distance  happens  to  correspond 
approximatdy  to  the  square  root  of  the  height  of  the  eye, "  an  acci- 
dental relation  " — as  Baper  puts  it — "  easy  to  remember."  Thus,  Dltiaiioe  of 
if  the  height  of  the  eye  be  26  feet,  the  distance  of  the  visible  sea  ^7^?^ 
horizon  will  be  about  5  nautical  miles :  if  the  height  of  the  eye  be 
36  feet,  the  distance  will  be  about  6  miles,  and  so  on. 

To  get  a  more  exact  result,  multiply  the  square  root  of  the 
height  in  feet  by  106. 


*  By  Beacon  light  is  me«nt  any  one  of  the  varioni  coMt  lights  exhibited  for  purposes 
cf  navigation. 
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The  general  tendency,  however,  of  terrestrial  refraction  is  to 
throw  up  the  horizon,  and  slightly  increase  the  distances  thus 
obtained. 

If  an  observer,  whose  eye  is  elevated  say  16  feet  above  the 
sea  level,  is  passing  a  small  island,  rock,  ship,  or  otlier  object, 
whose  water-line  appears  one  unbroken  continuation  of  the  sea 
horizon,  he  knows  that  his  distance  from  it  is  rather  more  than 
four  milea     If  the  water-line  of  the  object  appears  nearer  to  him 
than  the  horizon,  he  knows  that  the  distance  must  be  leu  than 
four  miles :  and  if  the  water-line  is  invisible,  and  consequentiy 
heyond  the  horizon,  he  knows  it  must  be  greater  than  four  miles. 
Indeed,  by  ascending  or  descending  till  the  water-line  of  the 
object  comes  on  a  new  horizon,  corresponding  to  the  altered  level, 
it  is  possible  to  make  a  very  fair  shot  at  the  actual  distance. 
Diftanot  from      Similarly,  in  clear  weather,  when  a  beacon  light  first  shows 
BMOO&  Light  i^gif  a|x)ve  the  horizon,  the  approximate  distance  from  it  may  be 
found  as  follows : — take  the  square  root  of  the  elevation  of  the 
observer's  eye,  and  the  square  root  of  the  elevation  of  the  light, 
both  in  feet.    Add  them  together,  and  you  have  the  distance 
required.     Let  the  eye,  for  example,  be  16,  and  the  light  169  feet 
above  the  sea  level.    The  square  of  16  is  4,  which,  added  to 
13,  the  square  root  of  169,  gives  17  nautical  miles  as  the  approxi- 
mate distance  of  the  light  when  first  sighted.*     (Do  not  forget  to 
note  the  time,  and  the  greater  the  speed  of  your  ship  the  more  necessary 
is  this  caution). 

The  following  table,  in  which  refraction  is  taken  into  account, 
gives  a  still  closer  approximation. 


*  What  is  here  stated  refers  only  to  such  lights  (1st  and  2nd  order)  aa  have  ■affident 
power  to  be  seen  at  distances  corresponding  to  their  elevation.  It  it  Decenary  to 
discriminate  between  the  Luminous  range  and  the  Otographical  range  ;  the  one  dependi 
upon  the  power  of  the  light,  and  the  other  upon  its  elevation.  For  example,  the 
light  nn  San  Lorenzo  Island,  Callao,  has  the  absurd  elevation  of  980  feet,  which 
should  give  it  a  range  of  41  miles,  but  it  is  such  a  poor  affair  (1880)  thai  10  or  IS 
miles  is  about  its  outside  limit  of  visibility.  On  account  of  greater  liability  to 
obscuration  by  fog  or  mist  hanging  over  hill-tops,  200  feet  should  be  the  maximum 
elevation  for  beacon  lightn,  but  peculiarities  of  position  sometimes  /ofTC  engineers  to 
place  thcin  higher. 
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Table  of  Distances,  by  Alan  Stevenson. 

Table  of  Distances  at  tokich  o^ecU  can  he  seen  at  sea^  according  to  their 
respective  elevations^  and  the  elevation  of  the  eye  of  the  observer. 


fleii^ 

in 

feet 

Diitanoes  in 

geographical 

ornantical 

milee. 

Heights 

in 

feet 

Distances  in 

geographical 

ornantical 

miles. 

Heights 

in 

feet 

Distances  in 

geographical 

or  nautical 

miles. 

5 

10 
15 
80 
25 
30 
35 
40 
45 
50 
55 
60 
65 

2-565 
3-628 
4-443 
5130 
5736 
6-283 
6787 
7-255 
7-696 
8-112 
8-509 
8-886 
9-249 

70 

75 

80 

85 

90 

95 

100 

110 

120 

130 

140 

150 

200 

9*598 
9-935 
10-26 
10-57 
10-88 
1118 
11-47 
12-03 
12*56 
13-08 
13*57 
14-22 
16-22 

250 
300 
350 
400 
450 
500 
550 
600 
650 
700 
800 
900 
1,000 

18-14 
19-87 
21-46 
22-94 
24-33 
25-65 
26*90 
28-10 
29-25 
30-28 
32*45 
34*54 
36*28 

Example  :  A  tower,  200  feet  high,  will  be  visible  to  an  observer  whose  eye 
is  elevated  15  feet  above  the  water,  21  nautical  miles ;  thus,  from  the  table : 

15  feet  elevation,  distance  visible  4*44  nautical  miles. 
200  „  „  16*22 


»> 


20*66 


>i 


» 


To  check  Light  ranges  by  this  table  is  always  advisable,  as  it 
not  onfrequently  happens  that  books  and  charts  give  this  item 
very  incorrectly ;  and  in  any  case  it  is  manifest,  from  v^hat  has 
been  said,  that  the  range  must  depend  upon  the  varying  height  of 
the  observer's  eye — whether  he  be  on  the  lofty  bridge  of  a  large 
steamer,  or  on  the  main  deck  of  a  small  vessel 

In  the  Admiralty  Light  List  of  the  British  Isles,  the  range  is  j,^--*,^  ^ 
calculated  for  a  height  of  eye  of  15  feet,  the  elevation  of  the  Beacon  VigiA 
lights  themselves  being  in  all  cases  taken  as  above  high  water,  S^J^^S 
To  remember  this  last  point  is  of  importance  where  the  rise  and  Water  itreL 
fall  of  tide  is  considerable — as,  for  example,  in  the  Bristol  Channel, 
the  Bay  of  Fundy,  or  the  Gulf  of  St.  Malo.     With  a  tidal  range 
of  30  feet,  there  would  be  a  difference  of  six  miles  in  the  visibility 
of  a  light,  according  as  it  happened  to  be  high  or  low  water  at 
the  time  of  observation.     Low  water  gives  the  greatest  range  of 
visibility. 

The  range  of  the  Cies  Island  light,  on  the  coast  of  Spain,  is 
given  at  20  miles,  but  the  writer  has  often  seen  it  at  33  miles. 
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KcMBBlty  for 
chacklag 
Light  Raageg 
by  the  Dl<- 
tuwe  Table. 


vunmitf 

llghti  nadnl]' 
IncrBsiBil  bjr 
Abnormal 
raftaxiUan. 


Reference  to  the  table  will  shew  that  the  latter  is  the  distance  S 
which,  if  it  is  a  1st  order  light,  it  ought  to  be  visible  to  An 
observer  elevated  25  feet,  since  its  own  height  above  the  sea  level 
is  604  feet.  Now,  there  ia  a  vast  difference  between  20  and  33 
miies,  and  in  many  cases  a  departure,  baaed  upon  such  incorrett 
data,  would  lead  to  grief. 

After  all,  even  when  every  care  has  been  taken,  this  mode  of 
getting  at  the  distance  of  lights  by  their  presumed  range  is  but 
guess-work.  A  great  deal  depends  upon  the  clearness  of  the 
atmosphere,  and  more  still  upon  the  vagaries  of  refraction.  For 
this  latter  it  is  impossible  to  make  a  correct  allowance,  and  ita 
effect  is  sometimes  very  startling. 

At  the  commencement  of  the  yenr  1881,  the  writer,  then  in 
command  of  the  (s,s.)  " HAtisk  Queen"  on  her  first  voyage,  was 
astonished,  when  making  the  American  coast,  to  see — a  full  hour 
and  a  quarter  before  the  proper  time — a  light,  which,  from  it« 
characteristics,  could  be  no  other  than  Cape  May,  unless,  indeed, 
some  alteration  had  been  made  of  which  he  was  not  aware.  Aa 
the  vessel's  position  had  been  determined  with  great  accuracy 
only  a  couple  of  hours  previously,  both  by  stellar  observations 
and  soundings,  the  unexpected  appearance  of  this  light  was,  for 
the  moment,  quite  puzxling.  When  in  doubt,  the  trump  card  to 
play  in  a  case  of  this  kind  is  to  stop,  which  was  done  forthwith, 
and  a  careful  bearing  of  the  light  taken  by  standard  compass,  the 
Deviation  on  the  course  then  steered  being  well  known  from 
previous  observations.  Whilst  busy  getting  a  cast  of  the  lend, 
the  officer  of  the  watch  reported  the  sudden  appearance  of  a  fixed 
light  on  the  starboard  boam,  Both  lights  shone  with  brilliancy. 
To  get  the  correct  bearing  of  this  new  light  the  horizontal  angle 
between  it  and  the  first  one  was  measured  by  sextant. 

Thia  mode  of  doing  it  \va»  rendered  all  the  more  nenxaaary  at 
the  vessel's  head  had  /alien  of  in  tlte  meanwhile  to  a  point  of  tkt 
compass  it]>on  which  the  deviation  was  only  imperftxtljf  knoum. 

The  ship's  place  was  first  laid  off  by  the  course  and  distance 
made  since  the  "  fix  "  by  stars,  and  the  soundings  on  the  cUart 
were  found  to  tally  exactly  with  the  cast  just  taken. 

To  make  assurance  doubly  sure,  the  North  •  was  next  observed 
for  latitude,  which  also  agreed.  There  could,  therefore,  be  but 
little  doubt  as  to  the  vessel's  true  positioa  Assuming  the  lights 
to  be  those  of  Abscconi  and  Cape  May,  their  l^earings.  which 
crossed  at  a  good  angle  (C9°),  were  then  laid  down,  and  interaectwl 
most  exactly  at  the  position  assigned  to  the  ship,  which  of  d 
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was  conclusive ;  so  the  engines  were  started  ahead,  and  the  course 
was  resumed.  From  this  point  to  Cape  May  the  distance  was  35 
miles,  and  to  Absecom  29  miles. 

The  first-named  light  is  152  feet  above  the  sea  level,  and  should 
not  have  been  seen  further  than  21  miles;  whilst  Absecom  is  167 
feet,  and  should  not  have  been  seen  further  than  22  miles.  In 
fifteen  minutes,  however,  owing  to  some  atmospheric  change,  the 
lights  gradually  lost  brilliancy,  and  at  last  vanished  altogether ; 
and  it  was  not  until  the  vessel  was  some  miles  inside  the  ordinary 
range  of  Cape  May  light  that  it  reappeared,  although  we  were 
steadily  approaching  it  all  the  time.  In  due  course  the  Five- 
fathom  Bank  lighti^ip  was  sighted  and  passed,  and  the  position 
of  our  own  vessel  at  time  of  stopping  fully  confirmed.  The  river 
was  full  of  ice  at  the  time,  and  this  may  have  had  something  to 
do  with  it. 

Some  years  previous  to  this  occurrence,  the  writer  saw  the  flash 
light  on  Sankaty  Head  at  a  distance  of  38  miles,  or  17  miles  out- 
side its  usual  range.  In  both  these  cases  abnormal  refraction  had 
temporarily  lifted  the  lights  above  the  horizon,  and  made  them 
visible  at  a  point  where,  under  ordinary  conditions,  such  a  thing 
would  have  been  impossible.  The  reverse  of  this  phenomenon 
occasionally  happena 

This  goes  to  shew  that  extraordinary  departures  from  the 
general  rule  will  sometimes  occur,  and  points  out  the  necessity 
for  extreme  caution;  also  the  value  of  an  independent  check 
in  cases  where  any  error  might  lead  into  danger.  There  is  no 
other  profession  whose  members  are  obliged  to  be  so  constantly 
on  the  alert  against  accident  brought  about  by  freaks  of  nature, 
rendering  unreliable  the  very  materials  they  have  to  work  with. 

If  a  vessel  be  provided  with  a  good  Azimuth  Compass,  the  on  first 
horizontal  angle  between  the  ship's  course  and  a  beacon  light  on  Jj^tfto  know 
its  first  appearance,  can  be  used  to  determine  the  approximate  dis-  distance  ship 
tance  at  which  the  latter  will  be  passed  when  abeam,  provided  ftonulk* 
always  the  same  course  be  steered  and  made  good.     Having  ascer- 
tained by  the  range  tables  the  distance  of  the  light,  open  the 
traverse  tables  at  the  given  angle,  and,  with  this  distance  in  its 
column,  take  out  the  corresponding  amount  in  the  departure 
column,  which  will  be  the  passing  distance  required. 

Suppose  a  vessel  to  be  steering  North  by  compass,  and  on  the  first 
appearance  of  a  beacon  light  its  bearing  is  taken  as  N.  16^  R,  and 
its  range  calculated  at  20  milea  Open  the  Traverse  Tables  at  16** 
and  in  the  departure  column  will  be  found  5^  miles,  opposite  20 
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Birwmiam 
Thomson'B 
Asimath 
Mirror. 


DliteiiMl»7 

Fonr-point 

bMUinff. 


in  the  distance  column.  But  the  navigator  should  not  rest  content 
with  such  an  assurance,  since  tide  or  current^  leeway  or  bad  steer- 
ing, might  altogether  falsify  it 

For  an  observation  of  the  kind  here  referred  to^  Sir  William 
Thomson's  Standard  Compass  is  invaluable,  as  it  is  provided  with 
what  is  in  all  respects  a  most  perfect  little  instrument  for  taking 
accurate  bearings  by  night  or  day.  Friend's  Pelorus  is  also  good, 
and  has  the  advantage  of  being  portable,  so  that  if  the  object  of 
which  the  bearing  is  sought  should  be  concealed  in  one  position, 
the  Pelorus  can  readily  be  moved  to  another.  It  has  already  been 
said  that  there  should  be  a  proper  stand  for  the  Pelorus  on  eadi 
side  of  the  bridge.  To  use  it  for  this  purpose,  clamp  the  lubber 
line  to  the  course  steered,  and  at  the  instant  that  an  assistant  inti- 
mates that  the  vessel  is  exactly  on  her  course,  take  your  bearing 
by  Pelorus. 

As  the  light  is  approached,  a  more  accurate  method  of  getting 
its  distance  when  abeam  becomes  available. 

It  is  known  as  "  Distance  by  Four-point  Bearing."  This  method 
recommends  itself  to  favour  from  its  extreme  simplicity  and  com- 
parative accuracy.  It  is  as  follows: — When  the  light  or  other 
fixed  object  bears  by  compass  four  points  (45*)  from  the  course, 
note  the  exact  time  by  watch  or  clock,  and  again  do  so  when  it 
bears  on  the  beam,  or  90°  from  the  coursa  The  distance  run  by 
the  ship  in  the  interval  is  the  distance  of  the  object  when  abeam. 

For  example,  let  a  ship  be  steering  North  by  compass,  at  a  speed 
of  14  knots  per  hour.  At  9*00  A.M.  a  lighthouse  is  observed  to 
bear  N.E.,  and  at  9*30  it  bears  East.  In  the  interval  of  half-an- 
hour,  the  ship  ran  7  miles,  which,  accordingly,  is  her  distance  oflF 
the  lighthouse  when  abeam 


East    7    miles 


BEFORE  AND  ABAFT  THE  BEAM. 
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8  is  the  position  of  the  ship  at  9  o'clock,  when  L  bore  N.E.,  or 
4  points  on  the  bow. 

A  is  the  position  of  the  ship  at  9'30,  when  L  bore  due  East,  or 

on  the  beam. 

The  line  8A  is  the  run  in  the  interval,  =  7  miles,  and  represents 
latitude.  The  line  AL  is  the  distance  of  the  lighthouse  when 
abeam,  =  7  miles,  and  represents  departure. 

To  prove  this,  open  the  Traverse  Tables  at  the  angle  45%  and 
the  latitude  and  departure  will  be  found  equal  to  each  other. 

Should  it  be  required  to  know  the  ship's  distance  from  the  light* 
house  at  the  time  of  its  bearing  4  points  abaft  the  beam,  recourse 
must  be  had  to  the  Traverse  Tables ;  and  in  the  distance  column, 
under  the  angle  of  45**  will  be  found  the  required  information. 


East  7MU9S. 


Thus,  the  ship  having  sailed  on  for  another  half -hour,  =  7  miles, 
at  which  time  L  bore  S.K,  or  4  points  abaft  the  beam,  her  distance 
from  it  would  be  10  miles,  and  would  serve  as  a  departure. 

This  4-point  method  of  ascertaining  distance  is  most  convenient 
in  practice,  as  the  very  trifling  calculation  required  can  be  per- 
formed mentally  without  leaving  the  deck,  and  needs  no  reference 
to  the  chart.  It  is  manifest,  however,  that  it  cannot  be  considered 
rigorovsly  exact,  since  either  the  speed  or  the  course  (upon  both 
of  which  it  depends)  may  have  been  influenced  by  tide  or 
current.  Still  the  method  is  a  good  one,  and  the  practice  of  it 
on  all  occaaiona  should  he  a  standing  rule.  Indeed,  it  often 
happens — at  night  especially — that  no  other  method  is  available 
which  does  not  depend  upon  the  same  principle. 

It  often  happens,  also,  that  a  light  or  other  fixed  object  is  not 
visible  till  nearly  abeam.     In  such  cases  the  4-point  method  is 
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Wtaoi  Ugitt     not  available,  but  the  approximate  distance  of  the  object  can  be 
UiSS'nSS^   foond  as  foUows :- 

Note  the  time  carefully  when  it  bears  exactly  1^  points  (14'') 

bearing 


the  beam.     Twice  the  distance  run  in  the  interval  is  very  nearly 
the  distance  of  the  object  when  it  bore  exactly  on  the  beam. 

EXAMPLK 

At  9  o'clock  a  light  bore  14°  before  the  beam ;  at  9*15  it  was 
abeam,  and  at  9*30  it  bore  14°  abaft  the  beam.  Ship  steaming  12 
knots  per  hour  against  a  2-knot  tide  or  current  Reqtured  the 
approximate  distance  from  the  light  at  9*15  when  it  was  abeam. 

Answer, — 10  miles,  which  is  double  the  distance  the  ship  made 
over  the  ground  in  the  interval  between  first  and  last  bearing. 


Pilots,  in  the  absence  of  definite  leading  marks,  are  in  the  habit 

"BakeoftiM  of  judging  their  position  by  what  they  term  "the  rake  of  the 

•^^  eye  " — ^a  loose  plan,  which,  to  say  the  least  of  it,  is  unsatisfactory, 

since  no  three  individuals  on  board  ship  will  agree  in  their  estimate 

of  distance  or  of  height,  and,  at  times,  appearances  deceive  even 

the  most  experienced;  so  that,  under  certain  conditions  of  coasting, 

exact  methods  become  a  necessity.     Fortunately  there  are  such 

methods ;  and  the  opportunity  for  employing  them  is  both  greater 

and  less  troublesome  than  is  generally  supposed.      Comparatively 

few  men  are  aware  what  a  powerful  ally  they  possess   in   the 

Sextant  for  the  determination  of  distance,  and  to  enable  them  to 

fix  a  ship's  position  with  all  needful  precision  when  in  sight  of 

land.     Judgment  may  be  at  fault — for  man  is  not  infallible  ;  but 

angular  measurements  are  reliable  matters  of  fact 

In  the  chapter  on  the  Station  Pointer,  it  was  shewn  how  two 

simultaneous  horizontal  angles,  subtended  by  three  well  defined 

objects,  gave  an  exact "  fix ;"  also,  how  an  angle  between  two  objects 

in  transit  and  a  third,  was  equally  good,  if  not  better.     In  these 

cases  the  angles  measured  are  horizontal  ones ;  but  it  is  now  pro- 

•' Fix"  toy       posed  to  shew  that  vertical  angles,   combined    with    a   compass 

vertical  angle  lj^3arino'  or  not,  as  the  case  may  be,  will  fulfil  the  same  purpose, 
and  OompasB  .  j        '  r      r       » 

toeazing.  and  sometimes  be  available  when  the  others  are  not. 

On  the  Admiralty  charts,  the  heights  of  all  beacon  licrhts  are 
given,  as  well  as  those  of  most  of  the  islets,  rocks,  hills,  cliffs,  and 
mountains  along  a  line  of  coast.  Each  of  tle>e,  then,  are  avail- 
able as  bases  in  a  right-angled  triangle,  by  which  to  determine 
their  distance;  but  when  the  vertical  angle  is  small,  and  the  dis- 
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tance  considerable,  the  angle  must  be  measured  with  all  possible 
accuracy.  To  do  so,  the  sextant  telescope  should  be  employed,  and 
the  angle  observed  both  "  on  and  oflF"  the  ara  The  mean  of  the 
two  readings  will  then  be  free  from  index  error.  But  if  the 
object  be  near, — ^say  a  lighthouse  on  the  edge  of  a  cliff,  about  a 
mile  or  so  away, — it  will  be  sufficient  to  measure  its  altitude 
in  the  usual  manner,  and  apply  the  index  error  previously 
determined. 

The  divisions  of  the  limb  of  every  sextant  are  continued  for  a 
few  degrees  to  the  right  of  zero,  and  this  is  known  as  the  "  Arc  of  Aro  of  ezoeii. 
excess."    For  example,  suppose  it  were  required  to  measure  the 
vertical   angle   between    the    summit   of   a    distant    mountain 
and  the  sea  horizon  underneath  it.     This  is  a  case  in  which,  un- 
less  the  ship  were  steering  directly  towards  or  from  the  mountain, 
the  angle  woidd  alter  very  slowly,  and  is  one  where  the  "on  and 
off"  reading  shoidd  be  employed.     By  moving  the  index  bar  of  "<>»  and  off" 
the  sextant /orwarc?  from  zero,  the  reflected  image  of  the  summit  ment. 
would  be  brought  down  to  the  actual  horizon,  as  seen  directly 
through  the  horizon  glass,  and  the  reading  would  be  made  in  the 
ordinary  way.      Starting  again  from  zero,  and  moving  the  index 
ba^ckwards,  the  reflected  image  of  the  horizo'a  will  be  brought  up 
to  the  actual  summit  of  the  mountain,  as  seen  by  direct  vision 
through  the  horizon  glass. 

To  get  the  value  of  the  angle  in  this  last  case,  both  the  limb 
and  the  vernier  must  be  read  froin  left  to  right  Suppose  the 
sextant  limb  to  be  divided  to  10',  the  10'  of  the  vernier  would 
have  to  be'  considered  0'  or  zero,  the  9'  taken  as  1',  the  8'  as  2',  the 
7'  as  3',  and  so  on.  A  little  practice  will  soon  overcome  any 
difficulty  which  may  at  flrst  be  experienced  in  doing  this.  To 
utilise  quickly  the  vertical  angle,  and  to  render  the  method 
complete,  a  set  of  tables  is  necessary,  so  that  the  required  distance 
may  be  taken  out  by  inspection. 

There  is  a  handy  little  book  by  Captain  A  B.  Becher,  R.N.,  Becher*B 
(published  by  Potter,  the  Poultry,  London),  in  which  the  angles  Jj^i^ 
are  calculated  for  heights  from  30  to  280  feet,  and  distances 
varying  from  a  cable's  length  to  four  miles.  The  small  compass 
of  this  book,  however,  only  fits  it  for  use  where  the  object  of 
which  the  angle  is  measured  lies  at  a  less  distance  than  the 
visible  horizon.  The  author's  intention  was  that  it  should  be 
employed  more  particularly  in  experimental  squadrons,  for  finding 
the  distance  of  one  ship  from  another  by  her  masthead  angle. 

To  give  a  wider  scope  to  this  vertical  method,  the  w  riter  has 
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Ladky'B  published  an  extended  set  of  somewhat  similar  Distance  Tables^ 

^[j2J2^        in  which  angles  are  given  for  heights  from  50  to  18,000  feet,  and 
TMdM.  distances  from  a  tenth  of  a  mile  up  to  100  milea     Part  L  of  the 

Tables  is  intended  to  be  used  with  objects  not  exceeding  1,000 
feet  in  height,  which  lie  on  or  within  the  radius  of  the  observer's 
horizon;  and  Fart  IL,  where  curvature  has  to  be  taken  into 
consideration,  is  for  more  elevated  objects  lying  beyond  the 
observer's  horizon.* 

By  these  Tables  (Fart  I.)  the  distance  from  an  object  can  be 
taken  out  absolutely  at  sight,  without  the  necessity  for  any 
figuring  whatsoever.  It  may  now  and  again  happen,  however, 
that  the  height  of  the  object  exceeds  1000  feet^  the  limit  of  Part  L, 
in  which  case  use  the  following  rule. 

MvUiply  the  height  in  feet  by  *565  and  divide  by  the  number  of 
minutes  in  the  angle  between  the  summit  and  the  water-line :  the 
quotient  wHl  be  the  distance  in  nauticcd  miles  and  decvnials 
of  a  mile. 

Thus,  in  passing  Ailsa  Craig  (Firth  of  Clyde)  it  subtended  an 
angle  of  I'*  57'  when  abeam,  the  observer  being  elevated  26  feet. 
The  given  height  of  the  Craig  is  1097  feet,  but  for  sake  of  round 
numbers  call  it  1100  feet.  Required  the  distance  to  a  point 
vertically  under  the  summit. 

1100  feet 
'565  constant  factor. 


5500 

6600 

5500 

m 


Sextant  angle  117' )  621*500  (  5*312  distanoa 

585 


365 
351 


140 
117 

230 
234 


This  method  requires  pencil  and  paper,  and    involves  delay; 
whilst,  therefore,  it  is  not  so  handy  as  the  Tables,  it  serves  well 

•The  Danger  Angle,  and  Off-shore  DUtance  Tables.      Price  4s.  6d.     Philip,  Son 
and  Nephew. 
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on  a  pinch,  and  is  perfectly  accurate.     It  is  restricted  to  objects 
<yn  or  vnihva  the  observer's  horizon. 

In  July,  1882,  Commodore  J.  G.  Walker,  Chief  of  Bureau  of 
Navigation,  United  States  Navy,  courteously  sent  the  author  a 
"Diagram  for  finding  Distances  and  Heighta"  On  comparing 
the  residts  obtained  by  this  ingenious  contrivance  with  those 
taken  out  of  Part  II.  of  the  Tables,  they  proved  in  every  case 
identical  This  correspondence  between  calculation  and  con- 
fftruction  served  of  course  as  a  voucher  for  the  accuracy  of  each. 
The  diagram,  however,  is  not  so  handy  for  reference  as  the 
Distance  Tables — especially  on  deck,  where  its  size  {24/'  x  19") 
would  render  it  liable  to  be  taken  charge  of  by  e^ery  puff  of 
wind,  as  well  as  injured  by  rain  or  spray.  The  diagram  also  lacks 
the  advantages  to  be  derived  from  Fart  I.  of  the  Distance  Table& 
The  inventor  is  H.  Von  Bayer,  C.K,  and  the  price  one  dollar. 

To  shew  the  practical  utility  of  this  vertical  angle  method,  let 
us  suppose  that  the  navigator,  for  some  important  reason,  such  as 
meeting  a  crowd  of  vessels,  is  forced  to  round  more  closely  than 
he  otherwise  would,  the  Skerries  lighthouse  on  the  coast  of 
Anglesey  He  knows,  however,  that  at  3  cables  from  it  there  is 
the  hidden  African  rock,  which  he  had  better  pass  at  least  two  Verueai 
cables  outside  of  to  ensure  safety ;  this  makes  in  all  5  cables  from  ^ST 
the  lighthouse.  His  chart  gives  the  height  of  the  light  as  117 
feet  above  the  level  of  high  water.  Opening  the  Distance  Tables, 
therefore,  at  120  feet  (since  it  is  scarcely  likely  to  be  high  water 
at  that  precise  moment)  he  finds  opposite  5  cables  the  angle 
2**  17'  26".  This  when  corrected  for  index  error,  is  placed  upon 
the  sextant,  and  so  long  as  the  angle  subtended  between  the 
centre  of  the  lantern  and  the  water-line  beneath  it  does  not 
exceed  this  amount,  he  knows  he  is  at,  or  outside  the  prescribed 
distance. 

Attention  is  here  called  to  the  fact  that  the  angle  is  measured  Points  of 


not  to  the  cowl  or  top  of  the  lighthouse,  but  to  the  centre  of  the  «2tl"^ 
glass  lantern,  or,  in  other  words,  to  a  point  representing  the 
height  of  the  focal  plane  of  the  light  above  the  level  of  the  sea. 
If  it  be  desired  to  measure  from  the  extreme  top  of  the  lighthouse 
to  its  water-line,  the  following  is  the  approximate  number  of  feet 
to  be  added  to  the  given  height  of  the  light : — 
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l8t  Ord.  light,  from  centre  of  the  light  to  the  vane  is  aho/ut  16  feet 
2nd       „      -  -  -  -         »         -  w       11 

3rd         ,      -  -  -  -         „         -  „       10 

4th        „      -  -  -  •  „  -  .,8 

5th        „      -  -  -  -  -  ,,         7 

6th        „      -  -  -  -  ,  -  ...      6 


PreeantionB  In  connection  with  this  matter  of  taking  vertical  angles,  one 
^  miS^SSiy  point  deserves  notice.  When  the  object  is  near,  the  observer 
Vertioai         should  get  as  low  down  as  possible,  to  lessen  the  error  which  would 

arise  from  his  eye  not  being  on  the  level  of  the  water-line,  to 

which 'the  angle  is  measured. 


•J  Wkt€rlin€ 


8  represents  the  angle  as  measured  from  the  bridge,  and  0  what 
it  would  be  if  measured  from  the  sea  leveL  Except,  however,  in 
exaggerated  cases,  the  difference  is  not  large ;  and  as  the  angle  at 
S  is  greater  than  the  angle  at  0,  the  error  lies  on  the  safe  side,  if 
the  injunction  to  descend  is  disregarded,  so  long  as  there  exists  no 
danger  outside  of  the  ship. 


This  second  case  is  one  to  be  guarded  against,  as  the  error  in- 
volved is  considerable.  It  represents  a  ship  passing  a  lighthouse, 
standing  on  a  hill,  say  some  two  miles  inland;  whilst  in  the 
foreground,  at  TT,  is  a  low  rocky  point.  The  angle  S,  subtended 
by  L  and  W,  is  clearly  too  great ;  it  ought  to  be  measured  between 
L  and  V ;  but  as  this  is  impossible  from  there  being  no  way  of 
ascertaining  the  whereabouts  of  the  imaginary  point  F,  the 
difficulty  is  practically  got  over  by  descending  to  as  near  the 
point  0  as  you  can  get. 

On  the  other  hand,  when  measuring  the  vertical  angle  of 
objects  beyond  the  horizon,  it  is  desirable  that  the  observer  should 
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be  as  high  as  he  can  conveniently  get.     The  words  water-line  and  BiBtinetion 
horizon  must  not  be  understood  to  mean  the  same  thing.     The  WateTune 
horizon  is  the  natural  boundary  line  where  the  sea  and  heavens  *»*  Horizon, 
apparently  meet  each  other,  and  its  distance — a  direct  consequence 
of  the   earth's  curvature — depends  upon  the   elevation   of  the 
observer.     The  distance  of  an  object's  water-line,  on  the  contrary, 
has  nothing  to  do  with  the  elevation  of  the  observer.     Attention 
to  these  and  other  delicate  points  constitutes  the  expert  navigator. 

When  a  distant  mountain  peak  is  visible  above  the  sea  horizon, 
a  ship's  position  may  be  fixed,  with  a  near  approach  to  accu- 
racy, by  measuring  its  "on  and  oflF"  altitude,  and  laying  oflF  on  the 
observed  line  of  bearing  the  corresponding  distance  taken  out 
from  the  tables  by  inspection.  Or  the  Compass  may  be  dispensed 
with  altoigether  if  the  Astronomical  bearing  be  found  by  a  second 
observer  in  the  manner  indicated  on  page  369. 

Should  1^0  smnmits  be  observed  simultaneously,  or  nearly  so,  "Plx*'bytwo 
which   are  separated  by  a  considerable   horizontal   angle — the  Inff,lS^^h. 
nearer  to  90°  the  better — ^the  ship's  place  will  be  found  by  simply  out  bearing, 
sweeping  the  distance  from  each  with  the  dividers.     It  is  true  the 
<drcle8  will  intersect  at  two  points,  but  the  eye  alone,  or  a  rough 
bearing,  will  easily  determine  which  is  the  ship's  position. 


Ferro 


^ 


Tenertffe 


Let  the  diagram  be  supposed  to  represent  any  two  neighbour- 
ing islands — say  Ferro  and  TeneriflFe,  both  of  which  are  lofty — and 
let  the  arcs  of  circles  represent  their  respective  distances  from  the 
ship.  Then  the  latter  must  either  be  at  A  or  at  B;  and  it  is 
almost  needless  to  say  there  can  be  no  difficulty  in  deciding  which. 
In  all  these  cases  where  vertical  angles  are  measured,  the  greater 
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the  height  of  the  object,  and  \&sa  acute  the  observed  anglii,  tho 
more  reliable  will  be  the  result. 

When  well  out  in  the  offing,  known  mountain  peaks  are  fre- 
quently visible,  and  form  salient  features,  when  the  coast-line — 
indistinct  through  distance  or  haze — offers  no  points  by  which  to 
get  a  "  fix."  This  is  very  mut;h  the  case  on  the  coasts  of  Chili 
and  Peru.  Moreover,  should  a  vessel  be  standing  in  from 
ward  to  make  her  port,  what  a  source  of  satisfaction  it  is  to 
able  to  define  her  pr&Aae  position,  and  shape  a  correct  courst 
it  before  the  ooast-line  is  even  visible,  and  this  with  scarcely 
trouble. 

The  Sextant  has  a  vast  superiority  over  the  Compass  in  a  num- 
ber of  cases.  This  is  particularly  well  shewn  in  the  problem 
known  as  the  "  Danger  Angle,"  where  the  compass  is  scarcely  of 
any  service  whatever.  It  is  no  disparagement,  however,  to  the 
compass  to  say  that  it  cannot  do  everything,  or  that  there  ar« 
other  instruments  which,  in  particular  cases,  should  supersede  it 

The  "  Danger  Angle "  may  be  measured  either  vertically  or 
horizontally,  according  to  the  features  of  the  coast.  Let  iis  take 
a  vertical  one  tirst — of  which  a  good  example  has  already  been 
given  in  the  case  of  the  Skerries  Lighthouse  and  African  Rock. 
It  was  there  shewn  that  so  long  as  the  angle  did  not  exceed 
■  2°  17'  2C",  the  vessel  would  pass  two  cables'  lengths  outside  the 
danger.  Similarly  with  the  South  Rock  off  Tuskar.  This  can  be 
rounded  in  safety  if  tlie  angle  between  the  water-line  and  the 
top  of  the  lighthouse  is  not  allowed  to  exceed  1°;  but  in  such  a 
situation,  where  the  tide  runs  strongly,  ttie  angle  would  requite 
be  narrowly  watched ;  and,  unless  pressed  in  by  haviug  to 
for  another  vessel  at  the  critical  moment,  there  is  no  object 
making  such  very  close  shaves  with  plenty  of  sea  room  on 
side — although  at  the  same  time,  be  it  said,  ordinary  skill  and 
care  should  obviate  the  necessity  for  throwing  distance  away  as  if 
it  cost  nothing.  Moreover,  tliere  are  thousands  and  thousan<l.<) 
spots  where  dangerous  shoals  liave  to  be  threaded  without  the 
of  a  pilot,  and  then  this  sort  of  knowledge  is  worth  a  Jew's  eyi 

The  peculiar  and  very  convenient  property  of  the  circle,  nami 
the  equality  of  angles  in  the  same  segment,  permits  of  the 
or  horizontal  application  of  the  "  Danger  angle." 

In  the  diagram  the  line  ABCDEFG  represents  the  course  of 

'  ship  as  she  rounds  a  promontory,  off  which  lie  several  dangei 

rocky  shoals.     Having  decided  to  give  the  reefs  a  lierth  ot  half 

mile  or  so.  a  circle  is  drawn  passing  that  diittaucc  outside  of  tfa< 
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and  through  the  church  and  windmill  on  the  cliff.  Then  measure 
with  a  protractor  the  angle  at  D,  subtended  by  the  aforesaid 
church  and  windmill,  which  of  course,  in  an  accurate  survey,  will 
be  laid  down  in  their  proper  places  on  the  chart.  The  angle  in 
the  present  instance  is  25'',  and  will  be  found  the  same  for  all 
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3)arts  of  the  circumference  of  the  circle  seaward  of  the  two  marks, 
:3io  matter  whether  measured  at  J,  (7,  D,  E,  or  H.  Therefore,  so 
Hong  as  the  angle  is  less  than  25^  the  vessel  must  be  outside  of 
iihe  circle,  and  in  safety  ;  but  if  the  angle  be  greater  than  26**,  she 
ds  evidently  inside  the  circle,  and  in  danger. 

As  depicted  above,  the  vessel  is  standing  alongshore  on  the  line 
ABC,  but  as  she  approaches  the  pitch  of  the  cape  her  commander, 
who  is  on  the  alert  with  his  sextant,  gets  the  "  Danger  angle  "  at 
the  point  C,  Thus  warned  of  his  being  too  close  in,  he  at  once 
starboards  and  hauls  off,  steering  so  as  to  avoid  increasing  or 
unnecessarily  diminishing  the  angle  until  the  point  E  is  gained, 
when  the  course  EFOy  along  the  coast,  causes  the  angle  rapidly 
to  decrease,  and  tells  the  danger  is  passed. 

It  is  manifest  that  compass  cross-bearings  here  would  be  of  no 
Use,  since  the  cut  made  by  a  difference  in  the  bearings  of  only  2J 
points  is  too  acute  to  be  in  the  least  reliable. 

Supposing  the  height  to  be  known  of  the  cliff  or  of  the  church, 
a  second  observer  could  independently  verify  the  distance  by  the 
vertical  "  Danger  angle,"  so  that  not  only  could  the  navigation  be 
conducted  with  the  utmost  safety,  but  without  losing  ground.* 

*  As  a  rule  it  is  safer  tu  navigate  in  the  vicinity  of  doabtfnl  groand  daring  ruughi«h 
Treatlier  than  during  fine,  bine ;  sunken  rocks,  carrying  only  three  or  fuur  fathoms  over 
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Head  and  Bishop's  Tower,  some  8^  miles  to  the  eastward,  does 
not  exceed  79",  you  will — when  at  nearest  approach — ^pass  four 
cables  outside  the  rock.  To  strike  it  the  angle  would  require  to 
be  about  OS**. 

The  fog-signal  station  on  Poor  Head,  with  its  white  boundary 
wall,  is  unmistakeable,  and  the  trumpet  is  quite  conspicuous  at 
the  western  end  of  the  enclosure.  Bishop's  Tower  is  situated  on 
high  ground  midway  between  Poor  Head  and  Ballycottin  light- 
house. With  the  binocular  it  is  easily  got  hold  of,  and  once 
recognised  and  impressed  on  the  memory  there  is  no  after  trouble 
in  doing  so. 

To  ascertain  the  "  danger  angle "  for  any  place  possessing  Horizontal 
suitable  marks  is  a  simple  matter :— choose  two  conspicuous  ^"*''^"***' 
objects  which  are  laid  down  on  the  chart,  and  if  possible  let  them 
lie  about  an  equal  distance  on  each  side  of  the  danger.  Put  a 
pencil  dot  on  the  chart  at  the  distance  you  wish  to  pass  from  the 
danger,  and  then  draw  a  circle  through  the  two  selected  objects 
and  the  pencil  dot  The  centre  of  the  circle  may  be  found  by 
trial  or  as  described  in  foot-note.*     Next  connect  the  pencil  dot 

*  To  find  the  "  Danger  angle  "  (horizontal),  it  is  necessary  to  know  that  a  circle  can 
be  drawn  to  pais  through  any  three  given  points,  no  matter  how  situated,  provided 
they  do  not  lie  in  the  same  straight  line.  In  the  subjoined  figures,  a  circle,  whose 
centre  is  at  (7,  is  drawn  through  the  given  points  ABD,  The  centre  is  found  by  the 
iBtenection  of  the  dotted  lines  FC  and  QC,     Vide  Chapter  X.,  on  Station  PoinUr, 


Tor  *  solution  of  this  and  other  equally  interesting  Problems  in  Practical  Geometry, 
Nork,  pages  19  to  25 ;  also  Jtapcr, 
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with  each  of  the  marka  by  a  fine  straight  line,  aud,  with  a  pri 
tractor  of  any  kind,  measure  the  coutaioed  angle.      This  angle,  as 
already  stated,  will  be  found  to  he  the  same  at  ami  point  in  the 
circumference  of  the  circle. 

Of  course  if  it  were  desired  to  paaa  irmde  the  Pollock  Rock, 
another  circle  could  he  drawn  to  suit  the  new  condition.  In  this 
case,  to  give  the  rock  a  berth  of  4  cables  on  the  inshore  side,  the 
"  Danger  angle  "  must  not  be  less  than  117° — an  inconveniently 
large  angle  to  measure  witli  the  sextant,  but  it  might  be  possible 
to  select  more  suitable  objects.  When  taking  the  inside  passage 
b&vare  of  lite  "  Hawk  "  and  other  sunken  rocks  off  Poor  Head. 

Entering  or  leaving  Gibraltar  Bay  on  the  west  side,  the  Pearl 
Rock  (on  which  H.M's.S.  AgiMourt  was  nearly  lost)  has  to  be 
guarded  against.  The  horiKontel  "  danger  angle  "  to  pass  2) 
cables  (or  a  quarter  of  a  utile)  outside  it,  is  74".  This  angle  U  to 
be  measured  between  two  very  conspicuous  square  towers,  tha 
one  situated  on  a  hill  overlooking  the  lighthouse  on  Carnera 
Point,  and  the  other  on  the  hill  above  Fraylo  Point. 

Whether  measured  at  the  points  in  the  diagram  marked  A,  B, 
0,  D,  or  any  other  part  of  the  circle  seaward  of  the  towers,  ib* 
angle  is  still  74°. 

Again,  in  going  into  the  port  of  Lisbon  after  dark,  before  the 
present  range  lights  were  established,  the  only  guides  to  avcrid 
the  North  and  South  Cachoposwere  the  Compass  bearingaofSan 
Julian  and  Bugio  lights ;  tut  it  often  happened  in  winter  thai 
there  was  a  heavy  run  on  the  bar,  which  sent  the  compass-cards 
spinning,  and  so  rendered  them  utterly  useless  at  the  time  of  all 
others  when  most  wanted ;  besides,  in  any  case  it  would  have 
been  impossible  to  leave  the  bridge  to  lay  off  bearings  at  sucli  a 
critical  time. 

The  writer,  however,  has  entered  with  comparative  ease  on  very 
Btormy  nights,  when  no  pilot  could  be  had,  by  steering  so  as  to 
maintain  the  "Danger  angle"  of  71'  between  Guia  and  Saa 
Julian  lights,  until  those  of  Bugio  and  San  Julian  snbtouded 
nearly  the  same  angle  (G8°),  when  the  worst  was  passed,  and  it 
merely  remuned  to  con  the  vessel  by  eye  midchonnel  betweea 
the  two  last-mentioned  lights. 

If,  by  bad  steering  or  otherwise,  the  "  Danger  angle  "  betvreMfc' 
the  first  pair  of  lights  was  allowed  to  be  greater  or  less 
at  the  moment  the  "  Danger  angle  "  came  on  between  Son  Ji 
and  Bugio,  it  shewed  the  vessel  wm  not  in  mid-channel, 
event  of  the  angle  being  greater  than  71',  she  was  on  the  Noi 
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side  of  the  fairway ;  and  if  less,  it  placed  her  on  the  South  side. 

So  long,  however,  as  the  "  Danger  angle  "  between  Guia  and  San 

Julian  did  not  exceed  90^  or  be  under  55^  there  was  no  cause  for 

alarm. 
By  way  of  practice,  these  "  Danger  angles  "  might  be  laid  off  on 

Admiralty  Plan  No.  89,  which  gives  the  entrance  of  the  River 

Tagus. 
It  would  hardly  be  wise,  however,  to  make  one's  first  experi-  Bwrttnt 

ment  with  the  "  Danger  angle  "  under  critical  conditions  such  as  oompaM. 

those  just  described,  nor  would  it  be  fair  play  to  the  method. 
Better,  by  far,  to  practice  where  no  risk  is  incurred,  until  a  per- 
fect mastery  of  the  principles  gives  confidence  in  their  power. 
The  foregoing  examples  afford  conclusive  proof  that  the  Sextant 
is  often  of  greater  use  in  pilot  waters  than  the  Compass — ^not  that 
the  latter,  after  centuries  of  good  service,  is  to  be  despised  and 
forsaken ;  that  time  has  not  yet  come.  Each  of  the  two  instru- 
ments is  good  in  its  place ;  and  it  is  the  object  of  these  pages  to 
point  out  more  particularly  those  cases  where,  with  advantage, 
one  may  be  employed  in  preference  to  the  other. 

To  conclude  this  subject,  it  should  always  be  borne  in  mind  Bait  way  to 
that,  in  taking  cross-bearings,  the  better  plan  is  to  observe  but  oroM-^^*"* 
one  compass  bearing — whichever  is  most  conveniently  situated  toaarlngi. 
for  the  purpose — and  then,  with  the  sextant,  take  the  horizontal 
angle  between  the  two  selected  objects.     The  second  bearing  is,  of 
course,  got  by  applying  the  sextant  angle  to  the  right  or  left  of 
the  first  one,  as  the  case  may  require. 

Get  into  a  habit,  and  make  your  officers  do  the  same,  of  noting 
and  marking:  down  there  and  then  the  exact  time  of  all  such 
observations. 

Example. — Being  off  Holyhead,  observed  the  Skerries  lighthouse  to  bear 
S.  84''  £.  by  compass  at  10-7  A.M.  by  watch,  the  sextant  angle  between  it  and 
the  South  Stack  lighthouse  being  80°  at  the  same  moment  The  latter,  there- 
fore, bore  S.  4°  £.  by  same  compass ;  and  the  cut  being  nearly  a  right  augle, 
gives  a  good  "  fix.'' 


CHAPTER  XVI 


THE  CX)MPOSmON  AND  RESOLUTION  OP  FORCES  AND  MOTIONa 

Knowledge  of      A  fall  understanding  of  the  Composition  and  Resolution  of 
very  Forces  and  Motions  is  of  so  much  importance  to  the  sailor,  from 

Important  to  the  infinite  number  and  diversity  of  their  application  to  every 
branch  of  his  business,  that  it  is  hoped  the  introduction  of  a 
chapter  savouring  at  first  sight  more  of  mechanics  than  naviga- 
tion, will  not  be  considered  out  of  place.  Indeed,  there  are  few 
problems  in  physical  science  with  which  the  principles  herein  to 
be  explained  are  not  intimately  blended.  Their  relation  to  navi- 
gation, generally,  is  close ;  but  it  is  seen  more  particularly,  per- 
haps, in  Current  Sailitig,  and  also  when  it  becomes  necessary  to 
trace  the  total  effect  on  the  compasses  of  an  iron  ship  to  its 
various  causes. 

Motion  is  the  direct  outcome  of  force,  and  the  composition  and 
resolution  of  modoiis  are  in  all  respects  analagous  to  those  of 
forces.  It  is  therefore  quite  admissible,  and  will  be  convenient 
here,  to  deal  with  them  as  synonymous  or  convertible  terms. 

A  single  force  may  be  represented  on  paper  by  an  arrow-headed 
straight  line;  the  commencement  of  the  line  indicating  the  PoirU 
of  application  of  the  force — the  direction  of  tlie  line,  the  Direction 
of  the  force — and  the  length  of  the  line,  the  Magnitude  or  Intensity 
of  the  force,  according  to  the  scale  made  use  of 

The  smallest  number  of  inclined  forces  which  can  balance  each 

other  is  three.     To  do  so,  these  three  forces  must  act  through  one 

point,  and  in  one  plane.     Their  relation  to  each  other  depends  on 

ParaUelogram  the  following  principle  in  mechanics,  known  as  the  Paralleloyram 

VeK^Ueir*^     o/"  Forces,  or,  where  motion  is  alluded  to,  as  the  Fandleloi/ram  Oj 

Vdocities.     The  law  is  tliu^  expressed.      It'  two  forces  be  repre- 
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sented  in  magnitude  and  direction  by  the  adjacent  sides  of  a 
parallelogram,  an  equivalent  force  will  be  represented  in  magni- 
tude and  direction  by  its  diagonal  The  two  side  forces  are 
termed  the  Compiments;  and  the  diagonal,  the  Resultant  or  pro- 
duct of  their  joint  effect ;  whilst  the  junction  of  all  three  is  called 
the  Point  of  application, 

A  Parallelogram  may  be  defined  as  any  four-sided  straight- 
lined  figure,  of  which  the  opposite  sides  are  parallel,  and  the 
diagonally  opposite  angles  are  equal  to  each  other ;  its  Diagonal, 
as  the  straight  line  joining  two  of  its  opposite  angles.  Thus  a 
Square  is  a  Parallelogram,  and  the  subjoined  Rhomboid  is  another. 
There  are  yet  two,  namely,  the  Rectangle  and  Rhombua 

d 


Thus  the  side  AB  is  parallel  to  the  side  DC;  and  AD  is  parallel 
to  BG,  The  angle  A  is  equal  to  the  angle  C;  and  B  is  equal  to 
J);  whilst  AC  is  the  diagonal.  If  AB  and  AD  be  taken  as  two 
forces,  A  will  be  their  Point  of  application. 

In  any  parallelogram  the  four  angles  amount  to  four  right  Cttrmi  mi» 
angles,  or  360°;  and  from  the  fact  above  stated,  that  any  two^SJSo^ 
diagonally  opposite  angles  are  equal  to  each  other,  if  one  angle  be  K"*™  ^  ^* 
given,  tlie  other  three  can  readily  be  found.     Thus  if  the  angle  D  tiiree. 
be  116**,  the  angle  B  will  be  116''  also.     These  two  added  together, 
and  subtracted  from  360',  leave  128"*  as  the  sum  of  A  and  C;  and 
as  these  are  also  equal  to  each  other,  their  values  must  be  respec- 
tively half  of  128^  or  64^ 

The  following  is  an  example  of  the  Composition  of  Motions, 
which  should  be  familiar  to  every  seaman. 

In  the  subjoined  figure  let  DC  represent  the  course  and  hourly  Example  of 
speed  of  a  steamer ;  say  due  East,  14  knots :  and  let  AD  represent  ^moSoST* 
the  true  direction  of  the  wind,  and  its  hourly  velocity,  say  N.K 
by  N.,  10  knots. 

If  the  atmosphere  were  calm,  the  wind  caused  on  board  the 
vessel  by  her  onward  progress  would  appear  to  come  from  right 
ahead  at  a  rate  exactly  equal  to  her  speed :  therefore  the  line  CD 
may  be  taken  to  represent  a  wind  blowing  in  the  direction  of  the 
arrow  with  a  velocity  of  14  knots  per  hour.    Then  AD  and  CD  are 


ParallAlo* 
KTam  of 
▼•loolUei. 
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the  two  components  of  the  resultant  DD,  which  latter  shews  the 
apparent  direction  and  velocity  of  the  wind  as  felt  by  an  observer 
on  the  deck  of  the  vessel,  viz. ;  E.N.E.  nly.,  21^  knots  per  hour : 
this  result  being  due  to  the  combined  directions  and  velocities  of 
the  true  wind  and  that  produced  by  the  motion  of  the  steamer. 

Scale  ^Anch  to  the  mile, 

A. --.^ 

t'VJ 

^  /?^'g         Zesil4Knot». ^/ 

d)h 

As  is  here  shewn,  this  problem  is  very  easily  solved  by  con- 
struction,  but  when  great  accuracy  is  required,  it  can  also  be 
calculated  as  follows.  Consider  the  parallelogram  as  two  triangles, 
then  we  have,— 

To  find  the  angles  DBO.  anrf  BDQ 

Side  AD  =»  10       As  the  sumof  ^jD  and  CD  =s  24 1*380211 

Side  CD  =-14  is  to  their  difference  =4 0*602060 

—  So  is  tang,  of  half  the  sum  of )     o  ,71/ 

Sum     .    .    24  mgles  DBC md  BDC   j28  7,  .    .    .    .    9727957 

Difference      4  10-330017 

—  1380211 

180'  To  tang,  of  half  their  difference    5"  5j'«8*949806 

Angle  (7  ,     .    •     123    45  28    7^ 

Sum  of  Angles )       ^^    , .    Sum  gives  greater  angle  DBC  33    13 

DBC&BDCi      ^^    ^^  

Difference  gives  less  angle  BDC  23^     2' 

Half  sum   ...    28'  7i'  

To  find  the  resultant  BD. 

As  sine  of  the  anisic  J57)(7  =  23°  2' 9*502473 

is  to  the  side  i/(7  ==  10  knots      . l-OOOOOO 

So  is  Bine  of  the  angle  (7  =  123*^  45' 9*219S46 

To  the  side  J5Z>  =  21  25  knots =  1-327373 
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Knowing  how  to  compound  two  forces  acting  at  a  point,  it  is 
possible  to  compound  or  determine  the  resultant  of  any  number. 

The  Resolution  of  Forces  is  the  converse  of  the  foregoing  Resointioa 
exampla  To  resolve  or  decompose  a  given  force  or  velocity  d',  ^  *''*^*'' 
whose  direction  and  magnitude  is  BD,  into  two  forces  or  velocities 
acting  in  any  direction  that  may  be  chosen,  as  A<V  and  Cd,  we 
have  only  to  draw  parallels  through  D,  which  determine  the  lines 
AD,  CD,  representing  the  magnitude  of  the  forces  required.  It 
is  evident  that  there  are  an  infinite  number  of  pairs  of  forces  into 
which  BD  might  be  resolved.  It  is  usual,  however,  to  resolve  a 
force  into  forces  that  are  at  right  angles  to  each  other. 

Subjoined  is  one  more  example  of  the  practical  value  of  under-  important 
standing  the  Parallelogram  of  Forces.  BhSwing  how 

strains  can  bi 
oaloolated. 


In  the  diagram,  TT  is  a  weight  of  ten  tons  which  is  suspended 
without  motion  from  a  span  between  two  masts.  Let  the  angle 
DCB  =  140^  and  the  angle  AOB  =  72\  then  the  angle  ACD 
will  =  68°.»    Draw  AG  to  represent  10  tons  on  any  convenient 

•The  Eaclid  scholar  will  have  no  difficulty  in  seeinsr  how  the  values  of  the  remaining 
angles  are  arrived  at,  but  for  the  information  of  such  as  are  weak  in  geometry,  be  it 
known  that  in  any  parallelogram  the  angle  D^iC?  will  always  be  equal  to  its  counterpart 
ACS,  in  this  case  72^.  The  three  angles  of  a  triangle  when  added  together  make 
exactly  180®,  so  that  if  two  are  known,  the  third  is  easily  found.  Then  ACD  + 
DAC,  or  6S^  +  72<»  =  140*»,  which  subtracted  from  180*»,  gives  the  angle  ADC  m 
40®,  and  since  according  to  the  definition  of  a  parallelogram  the  angle  A  Z> (7  is  equal 
to  its  opposite  angle  ABC,  the  latter  must  be  equal  to  40®  also. 
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HOW  TO  CALCULATE  STRAINS. 


scale,  say  a  tenth  of  an  inch  to  the  ton ;  also  draw  AB  parallel  to 
DC,  and  AD  parallel  to  BC.  Then  by  simple  proportion  of  the 
parts,  DC  will  represent  the  strain  on  the  after  pennant  =  1*480 
inches  by  scale,  or  14'80  tons ;  and  CB  the  strain  on  the  forward 
pennant  =  1*442  inches  by  scale,  or  14*42  tons. 


By  Calculation. 


To  FWD  D.C. 

AMtlMli]M0f40*  0*806007 

iitolOtoni     1000000 

SobihesineofTr  O-078S0O 


to  DC  =  14*80  tons    I'lTOlSO 


To  FllCD  CB, 

As  tho  liiM  of  40*  9-8080^ 

btolOtooa     IDOOOOO 

■ob  the  line  of  68*   O-oenaa 


to  CJ9  =  14*42  toot 1-150000 


Flat  Cargo 

SlMUU. 


Similarly,  having  ascertained  the  strain  on  the  pennants,  it  is 
easy  by  constructing  other  two  parallelograms  to  calculate  the 
''up  and  down"  or  crushing  strain  on  each  mast^  as  well  as  the 
bending  or  exact  '*  fore-and-aft "  pulL 

In  the  foregoing  example — common  enough  on  board  ship — the 
strain  on  the  two  parts  of  the  span  is  shewn  to  be  something 
'  excessive,  much  more  so,  indeed,  than  one  would  at  first  sight 
conceive  to  be  possible,  and  this,  too,  without  taking  into  account 
the  additional  stress  which  the  span  would  have  to  sustain  were 
it  required  to  lift  the  weight  instead  of  merely  suspending  it,  as  in 
the  diagram. 

This  example,  though  not  pertaining  to  Navigation,  is  specially 
introduced  because  of  its  exceeding  value  in  putting  the  sailor  on 
his  guard  as  to  the  peculiar  properties  of  a  span  in  connection 
with  the  dangerous  operation  of  taking  heavy  weights  in  or  out- 
The  flatter  the  span,  the  greater  will  be  the  breaking  or  tensile 
strain  it  will  have  to  endure,  and  the  greater  also  will  be  the 
bending  or  shearing  strain  upon  the  niasta  Therefore,  when 
practicable,  make  it  a  rule  to  have  the  parts  as  much  "up  and 
down  "  as  the  drift  necessary  to  clear  the  hatchway  and  bulwarks 
will  admit  of. 

We  will  now  try  what  stress  the  span  would  have  to  bear, 
supposing  the  weight  still  the  same,  but  the  angle  DCB  acute 
instead  of  obtuse  as  before. 


SAFE   WAY  OF  RIGGING  CARGO  SPANS. 
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Let  the  angle  DCB  =  77^  and  the  angle  ACB  =  32^  then  the 
angle  ACD  will  =  45\  The  remaining  angles  are  got  as  already 
explained. 


To  Find  DC, 

At  sine  of  108" 9  98S724 

iltolOtoiui 1000000 

■0  is  gine  of  82*   9  724210 


to  DC  =  5-44  tons 0  735486 


To  Find  CD, 

As  sine  of  103* 9-988724 

istolOtons 1-000000 

BO  is  sine  of  45*    9-849486 


to  CB  =  7-26  tons 0  860761 


We  here  see  that  the  strain  on  the  span  is  positively  much  leBS 
than  half  what  it  was  in  the  first  case,  shewing  very  clearly  the 
impropriety  of  rigging  cargo  gear  straight  across  from  mast  to 
mast      Through   pure   ignorance   of  the   danger  incurred,  this 
arrangement  is  quite  common,  as  one  may  find  out  for  himself  by 
taking  the  trouble  to  walk  round  the  docks  of  any  large  port. 
The  consequences  are  seen  in  loss  of  life,  broken  spars,  and  claims  stand  ftmn 
for  smashed  up  cargo.     These  evidences  of  grievous  ignorance  '"**•'• 
occur  more  frequently  than  one  would  imagine.      The  writer 
recollects  the   case,  not  so  veiy   long   ago,   of  two   celebrated 
steamers  belonging  to  the  same  owners,  where,  through  this  cause 
the  masts  were  brought  down  on  deck  when  taking  out  their 
funnels,  though  the  heavier  funnel  of  the  two  had  but  the  paltry 


( 
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weight  of  four  tons ! ! !    Tet  later,  the  taking  out  of  a  crank-shaft 
in  a  certain  vessel  had  a  similar  result. 

As  an  illastration  familiar  to  every  seaman  take  this  one : — 
When  a  weak-handed  watch  can  get  no  more  of  a  rope,  (say  the 
lee  fore  brace)  by  straight  pulling  on  it,  what  do  they  do  ?  Why, 
make  it  fast  to  the  pin  and  "  swig  it  off."  By  so  doing  they  are 
unconsciously  acting  the  part  of  the  weight  on  a  straight  span* 
The  belapng  pin  may  be  taken  to  represent  one  mast,  the  leading 
block  the  other,  and  the  part  of  the  brace  between  these  two 
points  as  the  span.  So  powerful  is  the  effect  that  the  invariable 
result  is  to  gain  more  of  the  brace  after  total  failure  to  do  so  in 
the  ordinary  way. 

There  is  scarcely  a  limit  to  the  application  of  this  important 

DispoBitioii  of  P^ii^ciple  in  the  science  of  Forces.     It  comes  into  play  in  a  marked 

anchon  in  a    manner  in  the  case  of  a  vessel  riding  to  two  anchors— one  broad 

'  ^  on  each  bow.    The  proof  is  easy  that  when  the  spread  is  greats 

two  anchors,  so  placed,  are  actually  weaker  to  hold  the  vessel  in 

a  gale  than  one  anchor  right  ahead.     As  this  question  of  strains 

if  pursued  further  would  be  outside  the  limits  of  the  present 

work,  the  reader  is  referred  for  detailed  information  to  that  very 

interesting  and  useful  book,  entitled,  **An  Enquiry  relative  to 

various  important  points  of  Seamanship  considered  as  a  branch  of 

Practical  Science"   by   Nicholas    Tinmouth,   Commander    RN., 

Master  Attendant  of  Her  Majesty's  dockyard  at  Woolwich, 


CHAPTER    XVII. 

ALGEBRA. 

Algebra  is  usually  a  great  bugbear  to  sailors,  and  although  in 
the  Practice  of  Navigation  it  cannot  be  considered  an  essential,  a 
knowledge  of  the  first  four  rules  will  occasionally  be  found  very 
useful  indeed.  And  these  rules  are  so  simple,  that  to  commit 
them  to  memory  within  an  hour  or  two  need  not  "pawl  the 
capstan  **  of  any  one  possessing  average  intelligence.  They  are 
here  given  for  reference  when  wanted. 

ALGEBRAIC   ADDITION. 

Positive  quantities  added  together  give  a  positive  result 

EXAMPLEL 

+  8 
Added  to  +  4 

Equal       +  6 

Negative  quantities  added  together  give  a  negative  result 

Example. 

-  2 
Added  to  -  4 

Equal       —  6 


To  add  together  unlike  quantities,  take  their  difference,  and 
prefix  the  sign  of  the  greater. 

Example. 

_    2 
Added  to  +  4 

Eqnal        +  2 
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ALGEBRAIC  SUBTRACTION. 

To  subtract  one  quantity  from  another,  change  the  sign  of  the 
quantity  to  be  subtracted,  take  their  difference,  and  affix  the  sign 
of  the  greater,  if  they  are  then  of  opposite  names  ;  but  if  changing 
the  sign  of  the  subtrahend,  make  it  similar  to  that  of  the  minu- 
end, then  add  arithmetically  both  quantities  together,  and  prefix 
the  same  (or  common)  sign. 


Examples. 

From  -    •    -    -    ^  4  Pronn  -    •    -    -    —  4 

Subtract-    -    .    —  2  (change  thesignX 


Remains*   •   .   —  2 


Subtract     -    •    +  2  (change  the  sign). 
Remains     .    .    —  0 


ALGEBRAIC   BiULTIPLICATION. 

Like  signs  give  +,  and  unlike  signs  give  — . 


Examples. 


If -4 

Be  multiplied  by    —2 
Ihe  product  equals+  8 


If +4 

Be  multiplied  by    +  2 

The  product  equals+  8 


If +4 

Be  multiplied  by    —2 

The  product  equals  -  8 


If -4 

Be  multiplied  by    +  1 

The  product  equals-  8 


ALGEBRAIC   DIVISION. 

When  the  Divisor  and  Dividend  have  like  signs,  the  sign  of  the 
quotient  is  plus;  and  when  the  signs  are  unlike,  that  of  the 
quotient  is  minus. 

Examples. 

-2)-4(  +  2         I         +2)  +  4(  +  2         I         -2)  +  4(-2         I         +2)-4(-l 
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APPENDIX. 


(A). 
On  the  method  of  correcting  the  rate  of  a  Marine  Chronometer. 

When  the  mean  rates  which  a  chronometer  has  made  in  the 
three  temperatures,  55^  70"^,  and  85°,  are  known  from  the  Obser- 
vatory rate  sheets,  it  is  necessary  td  calculate  the  quantities,  0,  T, 
and  R,  for  that  watch. 

T  is  the  temperature  in  which  the  watch  attains  its  maximum 
gaining  rate. 

R  is  the  rate  at  T. 

C  is  a  constant  factor,  which,  multiplied  by  the  square  of  any 
number  of  degrees  from  T,  shows  the  amount  of  loss  for  that 
number  of  degrees. 

It  may  be  here  mentioned  that  C  and  T  have  been  found  by 
experiment  to  remain  constant  for  long  periods,  seldom  changing, 
unless  the  watch  is  either  cleaned  or  repaired.  R,  on  the  contrary, 
IB  liable  to  change  occasionally,  and  should  be  verified  at  every 
opportunity  of  obtaining  a  rate  by  observation. 

Formula  for  finding  C,  T,  and  R.* 

Rate  in  55"  say  —  072«-  ...  r 

...  r  —  r  =  —  0*45  ...  d 
„         70*   „    —  0-27^-  ...r' 

...  r'— 1^'=  +  1-08...  d' 
85*    „    —  l-36»-  ...  r" 

d— d'  =  — 1*53 
d  +  d'=  +  0C3 

To  find  0 

2  (d  —  d)  =  —  3-06 

0  = =  —  00034 

30«  900 


•  Sign  +  indicates  fast  error,  or  fraining  rate. 
n     "         rt        bIuw    ^      or  losiog 
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To  find  T 

d  +  d         +    0« 

(T  —  TO*)  = =         =  —  31* 

C  X  60        —  0-204 

T  =  70*  —  3"1'  =  66^* 

To  find  R  (T  —  70)s    x  C  =  9i61   x  OtWM  =  OtO^ 
Bate  at   -    70*  =  —  0-27^  kamg. 
DiiSerenee  to  T  =  +  OXO^  faatec 

B     -    -    -    -    =  —  02^  loang. 

Let    -    -    X  =  any  niunber  of  degrees  from  XL 
Then  C  x  N^  =  amount  of  loss  for  N. 

The  quantities  C,  T,  and  R,  for  any  watch,  having  been  fofiind, 
the  rule  for  finding  the  rate  of  the  same  watch  in  any  g^veo 
temperature  is  as  follows : — 

Take  the  difference  between  the  given  temperature  and  T 
(calling  this  difference  NX 

Multiply  N^  by  C,  and  the  result  will  be  the  amount  by  which 
the  watch  will  go  slower  at  the  given  temperature  than  it  does  at 
T ;  and,  therefore,  by  applying  the  amount  thus  obtained  to  R 
(the  rate  of  the  watch  at  T),  the  rate  in  the  given  temperature 
will  be  obtained. 

When  C,  T,  and  R  have  been  found,  the  rate  which  the  watch 
wiU  keep  in  various  temperatures  can  be  found  from  the  Table  on 
page  356. 

The  Table  gives  the  amount  by  which  a  watch  will  go  slower 
than  at  T,  at  any  given  number  of  degrees  from  T.  The  rule  for 
using  the  Table  is : — 

Take  the  difference  between  the  given  temperature  and  T  (that 
is,  N). 

Take  C  to  the  nearest  third  decimal  place.  Enter  the  Table 
with  C  at  the  heai  Enter  the  column  marked  N,  with  N  as 
given  to  nearest  degree,  and  in  the  column  marked  Cor'n  will  be 
found  the  amoimt  by  which  the  watch  will  go  slower  for  N 
degrees. 

Example : — 

T72'         C  0-003         U— 0  54^ 
R'^qnired  the  rato  in  CO'. 

Diiierciice  Ixjtwe^n  T  and  jdvcn  temperature  =  1 2*  =  N. 
Enter  Table  hea  led  C  0*j03,  and  column  X,  and  take  12® 
Xhe  column  headed  Corn  gives  -  0*43'   losing. 

R  -  0:>4 


Rate  in  60'     -      -  0  y?*- 
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The  "  thermal  error  "  or  correction  of  the  rates  for  temperature, 
as  carried  out  at  the  Bidston  Observatory,  has  led  to  the  discovery 
by  Mr.  Hartnup  of  a  small  but  very  systematic  diflTerence  be- 
tween the  "  Sea  "  and  "  Shore  rates  "  of  chronometers.  With  very 
few  exceptions,  chronometers  used  in  steamships  have  been  found 
to  go  somewhat  slower  at  sea  than  on  shore — ^the  amount  in  dif- 
ferent instruments  ranging  from  a  small  fraction  of  a  second  to 
upwards  of  one  second  a  day.  This  is  probably  caused  by  the 
motion  of  the  ship,  or  the  magnetic  effect  of  the  iron  of  which  she 
is  built  It  is  small  in  comparison  with  the  thermal  error,  and  is 
only  capable  of  being  detected  in  cases  where  the  corrections  for 
change  of  temperature  have  been  carefully  applied  at  sea  during 
the  voyage. 
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APPENDIX    (B). 

It  has  been  considered  advisable  to  give  a  p]ace  to  the  following 
correspondence  between  the  author  and  another,  bearing  as  it 
does  upon  a  very  important  consideration  in  the  navigation  of 
iron  ships : — 

The  Editor,  Merccmtile  Marine  Service  Association  "  Beporter.'^ 

HEELING  ERROR 

Sir, — Will  any  correspondent  kindly  give  the  method  usually 
employed  at  the  Board  of  Trade  Examinations  for  calculating  the 
Heeling  Error?  Given  the  heel,  the  direction  of  the  ship's 
head  by  compass,  and  the  Heeling  Error  observed,  to  find  the 
approximate  Heeling  Error,  with  a  greater  or  less  given  heel, 
and  with  the  ship's  head  on  some  other  named  point  of  the 
compass,  the  ship's  magnetic  latitude  being  in  .both  cases  the  samOi 
— Yours  faithfully,  Inganno. 

December,  1877. 


The  Editor,  Mercantile  Marine  Service  Association  " Reporter" 

HEELING   ERROR 

Sir, — In  answer  to  "Inganno,"  in  your  January  number,  I 
submit  that  the  first  thing  to  be  done  is  to  determine  what  is 
called  the  heeling  co-efficient.  It  is  the  error  on  the  North  or 
South  point  by  compass,  caused  by  one  degree  of  heel,  and  is 
found  by  dividing  the  difference  between  the  deviation,  ship 
upright  and  ship  heeling,  by  the  number  of  degrees  of  heel. 

For  example,  given  the  deviation  on  North,  ship  upright,  equal 
to  —21**;  when  heeling  12°  to  starboard,  equal  to  —3'';  this  is 
equivalent  to  a  pliis  change  of  18",  which,  divided  by  12"  of  heel, 
gives  + 1°*5  as  the  heeling  co-ejfficient  for  each  degree  of  heel  to 
starboard  From  this  it  will  be  seen  that  the  heeling  error  is 
directly  proportional  to  the  amount  of  heeL  Now,  when  the 
heeling  error  is  given  for  any  other  than  the  North  or  South 
points,  it  is  easily  reduced  to  these  by  simply  dividing  it  by 
the  natural  cosine  of  the  number  of  points  from  North  or  South 
then  divide  the  result  by  the  inclination  to  starboard  or  port,  as 
the  case  may  be,  and  you  have  the  heeling  co-efficient  as  befora 
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For  example,  the  heeling  error  ou  W.N.W.,  with  Id"  of  heel 
to  port,  is  — 9°'19 ;  divide  this  by  -383  (the  natural  coaine  of  6 
points)  and  you  get  24° ;  divide  this  by  the  heel  (IG"),  and  once 
again  we  shake  hands  with  our  friend  the  heeling  co-efficient. 

Now  it  ia  evident  that  i£  we  require  the  heeling  error  for  any 
other  given  point,  we  have  merely  to  multiply  the  iieelinrf  co- 
efficient by  the  natural  cosine  of  the  number  of  points  contained 
between  North  or  South  (taking  the  nearest)  and  the  stated  point. 
multiply  the  result  by  the  fresh  heel,  and  we  have  the  error 
required. 

For  example,  the  hedirtg  co-^cient  on  North  ia  +  1*'5  for  each 
degree  of  heel  to  starboard ;  required  the  heeling  error  on  N.E  by 
N.  i  N.,  heeling  10°  to  starboard.  Multiply  +  r-5  by  "882  (the 
natural  cosine  of  2^  points):  the  result  is  +  r32;  multiply  this 
^ain  by  10°  inclination  to  starboard,  and  we  get  +  13''23  as  the 
answer. 

I  have  treated  the  foregoing  solution  of  the  question  asked  by 
"Inganno"  at  considerable  length,  and  in  piecemeal  fashion, 
hoping  that  by  so  doing  it  would  be  rendered  clearer.  The 
mathematical  expression  b  very  condse,  but  seamen  are  more 
Bccnstomed  to  regard  weather  signs  than  to  study  algebraic  onon. 
Before  quitting  this  subject  I  must  warn  "Inganno"  that  if 
the  heeling  error  has  a  plus  sign  when  heeling  to  starboard,  it 
will  have  a  viinua  one  with  a  hcol  in  the  opposite  direction;  also, 
that  the  signs  are  reversed  when  the  Northern  semicircle  of  the 
compass  is  substituted  for  the  Southern  one,  or  the  contrary.  For 
example,  if  the  heeling  co-rffi/^ent  on  North  is  + 1°-5  when  heel- 
ing to  starboard,  it  will  be  —  I'o  on  South  when  heeling  th« 
same  way.  Id  conclusion,  the  heeling  error  on  any  given  point 
must  not  be  confounded  with  the  demotion  on  the  same  point. 
For  example,  the  deviation,  ship  upright  on  S.W,  ia  +13°,  but 
when  heeling  17'  to  port  it  is  only  +2°,  the  heeling  error  ia 
consequently  —  H'. 


Complete  Example. — With  ship's  head  S.E.  by  E.,  and  upright, 
the  deviation  is  +  23";  when  heeling  8°  to  port  it  ia  +3°,  Requb«(l 
the  deviation  on  N.N.W.,  when  heeling  15'  to  starboard;  the 
deviation  on  that  point,  when  upright,  being  —14*;  magnetie 
latitude  the  same  in  each  ca-se  ?     Answer,  —  7C°'25. 


Squire  T.  &  Lbcki. 


Ftbtvari/  20M,  1S7S. 
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STAR  TELESCOPE  FOR  SEXTANTS, 

About  the  first  thing  to  be  seen  to  on  getting  a  star  telescope 
fitted  to  one's  sextant,  is  that  its  collimation  adjustment  is  perfect 
If  the  line  of  sight  of  the  telescope  is  at  all  inclined  to  the  plane 
of  the  instrument,  instead  of  being  strictly  parallel  to  it,  as  it 
should  be,  all  angles  measured  with  it  will  be  too  great ;  and  the 
larger  the  angle  so  measured,  the  greater  will  be  the  error.  To 
determine  the  value  of  the  error  corresponding  to  the  various 
angles  or  altitudes,  which  may  at  any  time  be  observed,  proceed 
as  follows : — The  sextant  being  in  perfect  adjustment,  screw  in 
the  ordinary  direct  telescope,  and,  on  a  fine  clear  night,  measure 
carefully  the  angle  between  two  stars,  whose  distance  apart  is 
between  100°  and  110°.  Read  off  and  note  this  angle,  but  do  not 
move  the  index;  then  insert  the  star  telescope,  and  verify  the 
measure — taking  care  to  make  it  in  the  very  centre  of  the  field. 
If  the  line  of  collimation  is  correct,  the  stars  will  be  in  contact  as 
before ;  but  if  it  is  not  so,  the  stars  will  appear  to  have  separated. 
Bring  them  again  into  contact,  and,  having  read  off  the  angle,  the 
difference  between  it  and  the  first  reading  is,  of  course,  the  error 
for  that  particular  angle. 

To  find  what  it  would  be  for  smaller  angles,  one  might  proceed 
as  before,  by  selecting  stars  at  the  required  distance  apart ;  but  it 
is  better  to  adopt  another  method,  wherein  a  knowledge  of  the 
error  of  parallelism  of  the  telescope  is  pre-supposed. 

Raper,  in  his  explanation  to  Table  64,  already  referred  to  on 
page  49,  gives  a  rule  for  determining  the  error  for  any  given  alti- 
tude or  angular  distance  when  the  error  of  parallelism  of  the 
telescope  employed  is  known ;  and  this  same  rule,  when  worked 
backwards,  serves  of  course  to  find  the  error  of  parallelism. 

Rule  to  find  the  Error  of  Parallelism. 

From  the  log.  sine  of  the  error  belonging  to  any  given  angle, 
measured  by  sextant,  subtract  the  log.  tangent  of  half  the  same 
angle,  and  the  remainder  divided  by  2  will  be  the  log.  sine  of  the 
error  of  collimatioiL 
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Example. 

Let  the  error  at  100^  due  to  defective  acyustment  of  the  line  of  oollimation 
be  8';  required  the  inclination  of  the  telescope  to  the  plane  of  the  sextant 

Log.  sine  of  8' 7"36682 

Log.  tangent  of  half  100^  =  50° 10X)7619 

2J 17-29063 

Log.  sine  2<'  32' 8-64531 

Now,  having  ascertained  the  angular  inclination  of  the  telescope 
to  the  plane  of  the  sextant,  if  it  be  required  to  know  the  quantity 
to  be  subtracted  from  any  other  altitude  or  distance  measured 
with  the  same  star  telescope  and  sextant,  we  must  employ  Raper's 
rule  in  its  direct  form  as  follows: — 

"To  twice  the  log.  sine  of  the  error  in  the  parallelism  of  the 
telescope,  add  the  log.  tangent  of  half  the  angle  measured.  The 
sum  will  be  the  log.  sine  of  the  required  error  in  the  observed 
angle.*' 

Example. 

The  error  of  parallelism  having  been  determined  as  2^  32^,  required  to  know 
the  quantity  to  be  subtracted  from  an  observed  altitude  of  40^. 

2<' 32' Log.  sine  8*64531  x  2  7*29062 

Half  of  40°  =  20*^  Tangent    9*56107 

Quantity  to  be  subtracted  2'  27"  Sine  685169 

Having  ascertained  by  direct  measurement  the  error  at  100**  or 
thereabouts,  it  is  recommended  to  ascertain,  by  calculation  as 
above,  the  error  for  all  other  altitudes  at  intervals  of  say  6\ 
Having  thus  made  a  small  table,  gum  it  on  the  inside  of  the  lid 
of  the  sextant  case  for  ready  reference.  Whether  the  errors  are 
known  or  not,  don't  forget  the  advice  on  page  237,  to  observe 
stars  on  both  aides  of  the  zenith.  The  diameter  of  the  object  glass 
of  the  star  telescope  should  not  exceed  1 1  inches  clear  aperture, 
unless  special  provision  is  made  for  one  of  greater  size  by  raising 
the  horizon-glass  an  additional  ^\  of  an  inch  or  thereabouts  above 
the  plane  of  the  iiistruuient.  In  using  the  star  telescope  be  cai^e- 
ful  to  observe  as  nearly  as  jxfssible  in  the  exact  centre  of  the  field. 
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USEFUL     NAVIGATIONAL     STARS. 


KAJIV:" 

Mag. 

BiEht 

Derllu- 
tion. 

a  Andinmedn  {Alplural:} 

1 

6      3 

281  N. 

y -Pegajd  lAlgaiib) 

3.2 

0     7 

]4iN. 

a  Cuao\}eix  (Schedar) 

2.3 

0  84 

68     N. 

J3  Orti  (Jfenii-iTniio.)           

2 

0  33 

lS{t  S. 

2.3 

1      3 

35*  N. 

a  TJifs  HinoTit  (Poliirii)    .. 

2 

I  is 

89    N. 

a  StiAmi  {Ackeruar) 

1    33 

58    8. 

a  Jlrietis  (ffonuO 

2 

2      1 

23    N. 

a  Cati  (armiari           

2.3 

2  68 

4    N. 

a  Vena  {Ui>y'ark)              

2 

3   16 

49iN. 

B  T»im  (^/cW"..v.„) 

1 

i   29 

10    N. 

a  Aorigtt  (Cnp^u) 

1 

C     8 

48    N. 

fiOnoaa^Ri'iil) 

I 

6      9 

8iS. 

^T.nri(A'alA) 

2 

E    IB 

2ei  N. 

i  Orionii 

2 

6    2S 

0i8. 

■   OrionU 

3 

fi    SO 

US. 

a  ColnrabB 

2 

G    36 

34    S. 

K  Orionu              

3.a 

fi    42 

10  a. 

a  Onaaii  {Bitthjuac) 

G   49 

71  N. 

a  rtrgfla  (6'rmopw)                

fl    21 

6218. 

a  Canu  Mainria  (5iWh>) 

1 

0   iO 

lOiS. 

1   CMiigMijom 

2.1 

B   6* 

29    S. 

a.*  GBmaioT  (Cattor)    .. 

3.1 

7   27 

32    N. 

a  C^Ji  MinoTit  {Procgon} 

7   33 

6(N. 

fi  OeamuT  [Pollux) 

1.2 

7   38 

28    N. 

t  ArfOa 

2 

9   14 

69    S. 

aHy<InBM?pAani) 

2 

B  22 

8    S. 

a  Leonii  (AiffuiKj)                

1.2 

10      2 

I2iN. 

3 

10    11 

201  N. 

n  Un«  UBJnria  (i)uH() 

2 

10  67 

B2|  N. 

^  Leoni.  (ZJmriofc.) 

T  Urao  Mspri.  (J(<:^) 

3 

11    43 

16    N. 

2.3 

11    43 

64    N. 

o'CrneU 

1 

12   20 

fl2i8. 

.  Virgimi(rindCT.iB(r<il 

3.2 

12   68 

lliN. 

a  ViritiDia  (Spie.) 

1 

13    IB 

104  3. 

ij  TJnpiE  MnjoiTB  (fic7i((namA) 

13    43 

50    N. 

P  Cantanri 

1 

13    ES 

00    3. 

a  &ooti*(^rriurui) 

1 

20    N. 

n'Centanri  .. 

1 

U    S3 

60    8. 

a -Libim  iZuienoK*)            

2.3 

U    45 

lais. 

^■U<MBMiBoriB(A'ocAQjJ 

3 

U   61 

7*4  N. 

^  Libr»  (Z,.Jct<M               

■3 

IS   11 

8    8, 

a  Coroiue  ((^-mnwi  or  AljAiuca) 

2 

16  30 

27    N. 

a  eierpentu  (C/niU-)            

2.3 

16   39 

7    N. 

^»SOTpii 

3 

15    6S 

1818. 

a  Seorpa  {ATilarti) 

1,2 

10   22 

26    S. 

a  TriuiKUli  Auitralia  . . 

2 

16   37 

69    H. 

I  Herculi.             

3.3 

16  37 

32    N. 

a  Ophluchl  1  Rom  Alha'jut) 

2 

17   30 

12iN. 

2.3 

17   54 

611  X. 

aLyiw(reffu)            

1 

IS   33 

39    N. 

a  AquilB  (J(tair) 

i.a 

19    45 

BIN. 

B  Pavonu     -, 

2 

20   17 

67    3. 

a  CjgDHDmeb) 

2.1 

20   38 

is    N. 

o  Cephei  (AW«™ni<n) 

3.2 

21   la 

62    N. 

a  Gniie,. 

3 

22      1 

47i8, 

o  Piaois  AnitoJi*  (i'oma/iauO 

1.2 

22   51 

3o's. 

a  P=BMi  (Jf orloi)                

2 

aa  58 

14iN. 

EXTKACTS  FKOM  NAUTICAL  ALMANACS 


FOR   VARIOUS    TEARS, 


WHICH   HAVE   REFERENCE   TO   THE   EXAMPLES 


GIVEN  IN  THE  BODY  OF  THIS  BOOK 


REFERRED  TO  ON  PAGES  S89,  S90, 


461 


II. 


AUGUST,  1876. 


143 


AT  MEAN   NOON.                                                    | 

i 

•s 

a 
0 

0 

Q 

14 

15 
16 

THE  SUN'S 

Equation  of 
Time, 
tobe 
tuhtracted 
from 
Mean 
Time, 

Var. 

in 

I  Hour. 

Sidereal  Time. 

Apparent 
Declination. 

Var. 

in 

I  Hour. 

Sat. 
Sun, 
Mon. 

14      25      494 

14      7     14*1 
13    48    253 

» 

4619 

4675 
47*30 

m      ■ 

4     3093 
4     1963 
4      7*78 

■ 
0*460 
0-483 
0505 

h     m       s 
9     30      027 
9    33    5683 
9    37    5338 

APPARENT  PLACES  OF  STARS,  1875. 
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AT  UPPER  TRANSIT  AT  GREENWICH.                              | 

Month 
and 
Day. 

a  Virginis. 
{Spica). 

a  Piscis  Australis. 
{Fomalhaut), 

R.A. 

Dec.  South, 

R.A. 

Dec.  South, 

h        m 

•         / 

h        m 

•        / 

13      18 

10     30 

0 

22      50 

30      16 

0 

Jan,      I 
II 
21 

31 

3584 
3619 

3652 
36*84 

28-0 
301 
32*2 
34*2 

43*49 
43*41 
43*35 
43*32 

79' I 
78-6 

77  9 
769 

Feb.  10 
20 

Mar.    2 
12 

37*14 
37*40 

37*63 
3783 

361 

37  9 

39*4 
407 

43*32 
43  35 
43*43 
43*53 

757 
74*2 
723 

70*4 

22 

April    I 

II 

21 

37*99 
38*11 
38*20 
38*26 

41*8 
42*7 
43*4 
438 

43*67 
43*86 
44*08 

44*33 

684 
66-2 

639 
6r6 

June   10 
20 

30 
July    10 

3820 

38*13 
3805 
37*96 

43*7 
43*4 
430 

42*5 

4600 
4636 
4671 
4705 

509 

49*3 
48-0 

47-0 

20 

30 
Aug.    9 

19 

3786 

3775 
3765 

37*55 

41*9 

41*3 
408 

40*2 

47*36 
4763 
47*86 
4804 

464 
46*1 
46  I 

465 

29 

3746 

39*7 

48*17 

472 

% 

462 


NAUTICAL  ALMANAC  ELEMENTS 
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JANUARY,   1880. 


AT  MEAN    NOON.                                                   j 

i 

& 

• 

•S 

0 

15 
16 

'J 

18 

THE  SUN'S 

Eauation 
of  rime, 

to  he 

iubtraeted 

from 

Mean 

Var. 

in 

I  hour. 

1 
Sidereal  Time. 

Apparent 
DeclinatioD. 

Var. 

in 
I  hour. 

Thur. 

Frid. 
Sat. 

S.2I     II      6x> 

20    59    576 
20    48    253 
20    36    29*2 

27*35 

28-36 
2936 

3034 

m       s 
9  33*02 

9  5409 
10  1445 
10  34t>9 

0893 

0-863 

0833 
0-803 

h    m    ■ 
19  37  «8'37 

19  41  14-93 
19  45  11-48 
19  49    8xH 

FEBRUARY,   1880. 

Frid. 
Sat. 

Sun. 

1 

20 

21 
22 

S.  II     I  37-9 
10  40    35 

10  18  19-4 

5372 
5413 

54*53 

14    054 
13  53  »2 

13  46*44 

0266 
0294 

0-321 

21  59  1438 

22  3  1093 

22    7    7-4« 

AfARCH,    1880. 

Sat 

Sun. 
Mod. 

6 
7 

8 

S.    5  23  498 

5    0  289 
4  37    3*9 

5827   1     II  18-95 

58-45   '     II    4*37 
58-61          10  49'42 

0*600 

0-615 
0-630 

22  58  22*68 

23  2  1923 
23    6  1579 

MAY,    1880. 


AT    MEAN    NOON.                                                     | 

.a 

0 

c« 

Q 

Day  of  the  Monih. 

THE  SUNS 

Ex)uation  of 

Time, 

tobe 

added 

to 
Mean 
Time. 

Var. 

in 
I  hour. 

Sidereal  Time. 

Apparent 

Declination. 

Var. 

in 
I  hour. 

r 

Tues. 

Wed. 
Thur. 

18 

19 
20 

•      /     0 
N.  19  4<  577 

19  54  461 

20  7  14  « 

32-44 

31-59 
3074 

3  4480 

3  4216 
3  3899 

1 

• 
0099 

0121 
0143 

h     in     • 
3  40   II  13 

3  50     7-69 
3  54    424 

NAUTICAL  ALMANAC  ELEMENTS. 
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II. 

JUNE, 

1880. 

93 

AT  MEAN  NOON.                                                   | 

4 

'0 

J, 

§ 

1 

«*« 

0 

Q 

4 

5 
6 

7 
8 

9 

18 

19 
20 

21 
22 

23 

24 
26 

THE  SUN'S 

Equation  of 

Time, 

tohe 

added  to 

Var. 

in 

I  hour. 

Sidereal  Time. 

Apparent 
Declination. 

Var. 

in 

I  hour. 

$ubt.from 
Mean 
Time, 

Frid. 

Sat. 

Sun. 

Mon. 
Tues. 
Wed. 

Frid. 
5^  at 

Moil. 
Tues. 
Wed. 

Thurs. 

Frid. 

Sat. 

N.  22    30    59*9 
22    37    327 
22    43    417 

22    49    26-8 

22    54    47-9 

22  59    44-8 

23  25    55*8 
23    26    470 
23    27     13*4 

23    27     15*1 
23    26    520 
23    26      4*2 

23    24    517 
23    23     144 
23    21     12*5 

ft 
16-86 
1587 
14*88 

13-88 
1288 
11*87 

265 
1*62 
0*58 

0-45 
1*48 

2-51 

3*54 

4*57 
5-60 

m      8 
I     52-41 
I     41*88 
I     31*02 

I     19*85 
I       8*40 
0    56-69 

8 

0*431 
0*446 

0*459 

0*471 
0*483 

0-493 

0-538 
0-538 
0-537 

0-536 
0-534 
0-531 

0-527 

0523 
0*517 

h     m      8 
4    53     i2'6o 

4  57      9-16 

5  I      572 

5      5      2*28 
5      8    58-83 
5    12    55*39 

5    48    2441 
5    52    20*97 

5  56    17-53 

6  0    14*09 
6      4     10*65 
6      8      720 

6    12      3*76 
6    16      0*32 
6    19    56  88 

0  56*10 

1  9*02 
I     21*93 

I     34*82 

1  4767 

2  0*46 

2    I3'i6 

2     25*76 
2     38*25 

JULY,   1880. 

Tues. 
Wed. 
Thur. 

6 

7 
8 

N.  22     38     308 
22     32       28 
22      25      11*4 

1568 
1666 
17-63 

4    31*97 
4    41-73 
4    51*" 

0-414 

0399 
0*382 

6  59    22*46 

7  3    1901 
7      7    15-57 

SEPTEMBER,  1880. 

147 

AT  MEAN  NOON.                                                 | 

4 

0 

-i 

c 
0 

M 

0 

THE  SUN'S 

Equation  of 

Time, 

tobe 

added  to 

Mean 

Var. 
in 

Sidereal  Time. 

Apparent 

Var. 
in 

Q 

1 

14 

Declination. 

I  hour. 

Time, 

I  hour. 

Tues. 
Wed. 
Thurs. 

•            90 

N.  3     10    10*9 

2    47      3*5 
2    23    52-9 

S7'72 
57-86 

57*99 

m      8 

4  41-13 

5  2*35 
5    23*61 

0883 
0*885 
0*886 

h 
II 
II 
II 

m 

35 
39 
43 

8 
21-32 
17-88 

14-43 

Wed. 
Thur. 
Frid. 

22 

23 
24 

N.  0      4      08 

S.  0    19    23-1 

0    42    47-7 

58*46 
5850 

58-51 

7    30*62 

7  51-46 

8  12*15 

0-871 
0865 
0*858 

12 
12 
12 

6 
10 

14 

5375 
50*20 

46-85 

Sat 

25 

I      6    12*5 

58-52 

8    3267 

0-850 

1 

12 

18 

43-41 

464 
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DECEMBER,    1880. 


201 


& 


Frid. 
Sat 

Sun. 


AT  MEAN   NOON. 


45 

THE  SUN'S 

§ 

^4 

S 

4> 

.a 
0 

Declination. 

Var. 

in 

I  hour. 

•      f    $t 

II 

17 
18 

S.  23  23  37*9 
23  25  14*9 

4*63 
3  45 

19 

23  26  236 

228 

Equation  of 

1  ime, 

ibht 

added  to 

Var. 

Mean 

in 

Time, 

I  hour. 

m.  a. 

>. 

3  23-84 

1*229 

2    54  26 

1-236 

2   24-55 

1*240 

Sidereal  Time. 


h.  m.  t. 

17  45  5750 
17  49  5406 

17  53  50*61 


JANUARY,  1880. 


MEAN      TIME. 

THE  MOON'S 

Hour. 

Right 

Var. 

• 

Declination. 

Var. 

• 

Ascension. 

1    m  I  cm. 

1 

m  lom. 

Saturdw, 

17. 

h 

m 

8 

8 

• 

/ 

0 

// 

0 

0 

16 

33-25 

19*150 

N.7 

29 

2*0 

128-56 

I 

0 

18 

2814 

19*148 

7 

41 

52*0 

128  10 

2 

0 

20 

2302 

19-146 

7 

54 

392 

127-63 

3 

0 

22 

1789 

I9I45 

8 

7 

236 

127-16 

4 

0 

24 

1276 

19-145 

8 

20 

51 

120-68 

5 

0 

26 

7-63 

19-145 

8 

32 

437 

120  19 

6 

0 

28 

250 

I9'45 

8 

45 

lQ-4 

125-71 

7 

0 

29 

5737 

19*147 

8 

57 

52-2 

125-21 

8 

0 

31 

52-26 

19149 

9 

10 

21-9 

12470 

9 

0 

33 

4716 

19-152 

9 

22 

48-6 

124-19 

10 

0 

35 

42-08 

19155 

9 

35 

I2'2 

«-3W 

11 

0 

37 

37-02 

19  159 

9 

47 

326 

12314 

12 

0 

39 

3"  99 

19-164 

9 

59 

49  9 

122  02 

"3 

0 

41 

2699 

19-168 

10 

12 

4-0 

122  08 

14 

0 

43 

2201 

19174 

10 

24 

148 

•2151 

'5 

0 

45 

17-08 

19  iSi 

10 

3^ 

22-4 

12   •       ^ 

16 

0 

47 

I2-I8 

19-1S8 

10 

48 

20 -0 

izyj^z 

'I     ' 

0 

49 

7  3i 

19-195 

11 

0 

274 

IIOv^     . 

iS 

0 

51 

2-^2 

19203 

II 

12 

24-9 

1  Hi  .?o 

19 

0 

52 

577t> 

19-212 

II 

24 

IS  «) 

II     -J 

20 

0 

54 

53'>'^ 

19-221 

II 

3^ 

^'5 

II.    .  , 

21 

0 

56 

4S-4I 

19230 

II 

47 

5"  5 

11; 

22 

0 

58 

43 ''^2 

19-240 

II 

59 

4u  0 

IIO      ^ 

23 

I 

0 

1 

19251 

.\.I2 

II 

l\>  9 

li(.;^4 

NAUTICAL  ALMAtfAC  ELBMBNT3. 


APPARENT  PLACES  OF  STARS.  1880. 


AT 

UPPER 

TRANSIT  AT 

GREENWICH. 

Montli 

a  AndromcdB. 

a  Amigi*. 

0  C^nis  Msjoiii. 

a  Leonii.        1 

and 

R.A. 

DecN. 

R.A.      DecN, 

R.A. 

Decs. 

R.A. 

DecN. 

b     m 

h      m 

h     m 

h     m 

38   25 

5    7 

45^5= 

6  39 

16  33 

lO      2 

12    32 

J.n. 

, 

i'i-S8 

SS-3 

52-81 

34-0 

53-90 

io'3 

oSi 

61-: 

"75 

54'4 

siai 

353 

53-97 

13-7 

i-oS 

5" 

11-62 

53' 

5' 74 

36-S 

53 '9^ 

149 

1-31 

58-S 

31 

1151 

5'-8 

52-61 

37*4 

53  95 

16-9 

150 

57-6 

Feb. 

10 

11-42 

52-2 

53-45 

38-1 

53S7 

186 

163 

5^2 

"35 

486 

52-24 

38  s 

5375 

17a 

566 

M>r. 

11-32 

47° 

51-00 

387 

5360 

176 

Ps 

tl 

"3^ 

45*4 

S'7S 

3S-5 

53-42 

220 

175 

31 

I '37 

44-0 

5 '■50 

38-0 

sVa 

1-70 

567 

31 

11-46 

42-8 

51-37 

37  ■! 

53-05 

126 

1-63 

"I 

Apr. 

1160 

42-0 

5.-08 

36-2 

52-86 

1-52 

57-6 

20 

"79 

41-5 

5093 

350 

5269 

31-9 

140 

581 

3° 

I2-02 

414 

SoS. 

337 

5*-54 

21-3 

1-2S 

587 

Maj 

12  2S 

5076 

333 

5241 

i-'S 

592 

iJSS 

424 

50  7S 

308 

52-34 

18-S 

1-03 

6^-3 

30 

12  91 

43*4 

SO-S5 

394 

5230 

173 

091 

June 

9 

1325 

44-8 

5101 

279 

52-29 

15-6 

081 

6o-6 

■9 

■  3  65 

466 

51-20 

26-6 

5233 

13-7 

073 

39 

'3  95 

4S6 

51 '45 

25  5 

5240 

11-8 

067 
0-63 

613 
6.5 

J"l7 

9 

14-39 

508 

5175 

246 

5352 

9-6 

■9 

14-61 

S3"2 

52-08 

33-9 

5366 

't 

0-61 

6.6 
6.-6 

14S9 

557 

5244 

*33 

52-8+ 

0-64 
0-70 

Aug. 

''I 

15  16 

1539 

£; 

5^  S3 
53=4 

33-0 
339 

133 

1 
3-6 

614 
6i-i 

28 

IS'S7 

63-3 

5365 

229 

5353 

'■5 

0-79 

6o-6 

Sept. 

7 

15-72 

655 

54  °7 

23. 

5379 

07 

09' 

17 

i\u 

677 

544'3 

J3  6 

54-07 

03 

I-OS 

5^:^ 

.589 

69-8 

5489 

241 

54-36 

0-3 

1-33 

58-1 

OcL 

'59' 

71-6 

55*9 

34-8 

S4'65 

0-8 

144 
1-69 
196 

568 

159° 

73' 

5567 

357 

54-95 

17 

m 

15-S6 

74 '4 

S&-03 

26-7 

5524 

3'1 

Nov. 

6 

1579 

75*4 

5636 

27-8 

555J 

4-8 

2-25 

53-0 

16 

1570 

76-2 

56-65 

39-0 

SS78 

6-9 

3-47 

50-1 
4B3 

26 

'5  51 

76-6 

5690 

30*4 

5f02 

9-2 

3-90 

Dec. 

"5  47 

767 

5710 

317 

56-24 

11-6 

3-23 
3-56 

463 

16 

1534 

76  s 

5724 

33' 

56-41 

143 

44-5 

26 

1520 

7S"9 

5733 

34S 
353 

56-54 

i6-8 

3-87 

43S 

3^ 

1506 

75'' 

57'35 

56-63 

193 

415 

4I-2 

466 


NAUTICAL  ALMANAC  ELEMENTS. 
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343 


AT 

UPPER  TRANSIT  AT 

'  GREENWICH. 

Month 

Mn/1 

a  Ursae  Majoris. 

a  Virginis. 
(Spica) 

a  Ursae  Majoris. 

a  Bootis. 
{ArcturuM) 

ana 
Day 

r 

• 

R.A. 

Dec.N. 

R.A. 

Dec  S. 

R.A. 

Dec.  S. 

R.A. 

DecN. 

h     m 

•     / 

h      m 

•      t 

h     m 

•       f 

h      m 

•          r 

10  56 

02    23 

13    18 

10   32 

13  42 

49  54 

14   10 

19  47 

Jan. 

I 
II 

21 

31 

21*54 
22-07 

22*56  ^ 

22*97    ' 

It 

30-8 

.  311 
320 

33*3 

53*10 

53  44 

5377 
5408 

9*2 
11*2 
13*2 
15-2 

B 

49*12 
49*55 

4999 
50-41 

218 

19*9 

18-5 
17-8 

8 

11-76 
12*09 
12-42 

12*74 

4V 

-  74*7 

724 

705 
68*9 

Feb. 
Mar. 

10 

20 

I 

II 

2330 
2353 
2367 
2371 

352 

37*4 

39-8 
42-4 

54*37 
5463 
54-86 

55*05 

170 

187 
20-2 

21*4 

50-81 
5118 
51-51 

51-78  . 

177 
18*2 

19-2 

208 

1306 

1335 
1361 

1384 

677 
670 

667 

669 

Apr. 

21 

31 
10 

20 

2366 

2353 

2333 
2307 

45-0 

47-5 
49*9 
52*0 

55*20 
55  32 
5541 
55-46 

22*4 
232 
23*8 
242 

51-99 

52-15 
5225 

5230 

228 
251 
277 

304 

14XH 
14-20 

1432 
14*41 

67*5 
68-4 

695 

710 

May 

30 

lO 
20 

30 

2276 

2243 

2208 
2172 

537 

550 

55-9 
56*4 

55*49 
55  49 
5547 
55*43 

24*4 

244 

243 
241 

52-29 
5224 
52*14 
5200 

33-1 

357 
38*2 

405 

14-47 
1450 
1450 
14-47 

726 

74-2 
758 
774 

June 
July 

9 

19 
29 

9 

21-38 

2106 

2077 

20*51 

56-3 
558 
54  7 
532 

5537 
5530 
5521 

55*" 

237 

233 

228 

22*2 

51-83 
5164 
5142 
5119 

42-4 

43-9 
45*0 

457 

14-42 

I4'35 
1426 

14-14 

789 
802 

814 
823 

Aug. 

19 
29 

8 

18 

2030 
2013 

20-0I 
1996 

51-4 
49*2 

46*6 
43'8 

5500 
5489 

5478 
5467 

21*5 
209 
20*3 
196 

5094 
5069 

5045 
50*22 

45*9 

457 
450 

439 

14*01 

1387 
13*72 
1358 

830 
834 

834 

Sept. 

28 

7 

17 
27 

19-96 
2003 
20  17 

2037 

40-8 
372 

30-5 

5458 
5450 
5445 
54  43 

19*0 

i8-o 
177 

5000 
4980 
4964 
49-53 

42*3 
40-3 
37-9 
353 

13*44 

13*3' 
1320 
13I1 

830 
82-2 
812 

79'9 

Oct. 

Nov. 

7 

17 

27 
6 

2064 
20  9S 

2139 
2185 

27*2 
24*0 

20*9 

i8*i 

5445 
5452 

54<J3 
54  79 

177 
'79 
i8*3 
190 

49-46 

49-44 

4950 
49-62 

32*3 
29*0 

25*2 
217 

1306 
1306 
13*10 
13  19 

783 

764 

742 
716 

Dec. 

16 

26 

6 

16 

2237 

22"92 

2350 
24*09 

15*6 
13-6  1 
120 

109 

1 

54*'9 
55-24 

55  S2 

SS^3 

200 

21*3 
22*8 

245 

49*80 
5004 

50*34 
5070 

i8-2 

147 
11*5 

85 

13-32 
13-51 
1374 
1401 

69*1 

66-4 

637 
61  I 

26 
36 

24*68 

2523 

io*3 
IO-3 

5616 
5649 

264 

28*3 

51*10 
51*52 

59 
Z7 

I43» 

14-63 

58-5 
561 

NAUTICAL  ALMANAC  ELEMENTS. 
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APPARENT  PLACES  OF  STARS.  1880. 
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AT  UPPER 

TRANSIT  AT 

GREENWICH. 

Month 
and 

a  OphiuchL 

a  Acquilae. 
(AUair) 

a  Cygni. 

Day 

. 

R.A. 

DccN. 

R.A. 

DecN. 

R.A. 

DecN. 

h     m 

•      t 

h     m 

•       / 

h     in 

•      / 

17   29 

1238 

1944 

8  33 

2037 

44  50 

Jan. 

I 
II 

21 

31 

8 
21*42 
21*62 
21-85 
22*11 

It 

49*5 
47*3 
45*3 
435 

55*33 
55*40 
55*52 
55*66 

It 

9*3 
7*8 

62 
47 

8 
19*36 
19-32 

«932 
1938 

$9 

76-3 
73*5 
707 
67*5 

Feb. 
Mar. 

10 

20 

I 

II 

22*38 
22*67 

22*97 

2326 

41*9 

407 
39*9 
39-5 

55*83 
5603 
5626 

56*51 

3*4 

2-3 

«*5 
1*1 

19*49 
19-65 
19-85 
20*10 

64-6 
62*0 

Apr. 

21 

31 
10 

20 

23'56 

2385 
24*12 

2438 

39*5 
399 
40*7 

41-9 

5677 

57*05 
5734 
57*64 

i-o 

1-3 
19 
29 

20-39 
20*72 
21*07 

21*43 

56-4 
55-5 

55-2 
55*5 

May 

30 
10 

20 
30 

24*62 
24*84 

2503 
25*20 

43'3 

450 
46-9 

48-9 

57*94 
58*24 
58-52 

5879 

4*3 

7*8 
9-8 

21*81 
22*19 
22*56 
2291 

56-4 
57-8 
59-8 
62*2 

June 
July 

9 

19 
29 

9 

25-33 
2542 

2548 

2550 

50-9 
529 

54*9 
567 

59-04 
59*26 

59*44 
59*59 

11*9 
140 
162 

i8-3 

23*23 
2352 

2377 
23*96 

64-9 
67*9 
71-2 
74*6 

Aug. 

19 
29 

8 

18 

25-47 
25*41 

2532 
2519 

58-3 
59-8 

61*1 

62*1 

5969 

5975 
5976 

5974 

20*2 
220 
23-6 
25*1 

24-10 
24*18 
24*20 
24-18 

78*0 
81*4 

84-7 
87-8 

Sept. 

28 

7 

17 
27 

25-04 

2487 
24*69 

24-51 

62*8 

633 
63-5 
63-4 

59*67 
5956 

59*43 
59*28 

26*3 

27-3 
280 

285 

24*10 
23-96 
2379 
23*58 

907 
93*3 
95-5 
97*4 

Oct. 
Nov. 

7 

17 

27 
6 

24*33 
24*17 
2404 

23*94 

63-1 
62*5 

60*3 

59*11 
58*94 

5877 
58*62 

287 
28*7 
28*4 

27-9 

! 

23*34 
2308 

22*82 

22*56 

98-8 

99-8 
100*2 

IOO-2 

Dec 

16 

26 

6 

16 

2389 
23  88 
2392 
2401 

588 

571 
552 
529 

58-49 

58-39 
58-32 
58-29 

1 
27*2 
26*2 
25*0 

237 

22*31 
2209 
21*89 

21-73 

997 
987 
972 
95*2 

26 
36 

I 

1 

24*15 
2432 

507 
486 

5830 
5835 

22*3 
207 

21*61 
2154 

92*9 
903 
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USED  IN  DETERMINING  THE  LATITUDE  BY  OBSERVATIONS  OF 
THE  POLE  STAR  OUT  OF  THE  MERIDIAN. 


TABLE  I. 

Containing  the  Pint  Correction. 
Argument : — Sidereal  Time  of  Observation. 


Sidereal 
Time. 

Correction. 

Sidereal 
Time, 

Sidereal 
Time. 

Correction. 

Sidereal 
Time. 

h  m 

• 

/ 

M 

h  m 

h  m 

• 

1 

m 

h  m 

0  0 

—  I 

15 

45  + 

12  0 

6  0 

-  0 

25 

43  + 

18  0 

10 

16 

48 

10 

10 

0 

22 

23 

10 

20 

17 

42 

20 

20 

0 

19 

I 

20 

30 

18 

28 

30 

30 

0 

«5 

36 

30 

40 

19 

4 

40 

40 

0 

12 

10 

40 

50 

19 

31 

50 

50 

0 

8 

43 

50 

I  0 

19 

50 

13  0 

7  0 

0 

5 

14 

19  0 

10 

19 

59 

10 

10 

-  0 

I 

45  + 

10 

20 

19 

59 

20 

20 

+  0 

I 

45- 

20 

30 

19 

50 

30 

30 

0 

1 

14 

30 

40 

*9 

31  • 

40 

40 

0 

43 

40 

50 

19 

4 

50 

50 

0 

12 

10 

50 

2  0 

18 

28 

14  0 

8  0 

0 

15 

36 

20  0 

10 

17 

42 

10 

10 

0 

19 

I 

10 

20 

16 

48 

20 

20 

0 

22 

23 

20 

30 

15 

45 

30 

30 

0 

25 

43 

30 

40 

14 

34 

40 

40 

0 

29 

0 

40 

50 

«3 

14 

50 

50 

0 

32 

13 

50 

3  0 

II 

45 

15  0 

9  0 

0 

35 

23 

21   0 

10 

10 

8 

10 

10 

0 

38 

29 

10 

20 

8 

24 

20 

20 

0 

41 

30 

20 

30 

6 

31 

30 

30 

0 

44 

27 

30 

40 

4 

31 

40 

40 

0 

47 

18 

40 

50 

2 

23 

50 

50 

0 

50 

4 

50 

4  0 

I 

0 

9 

16  0 

10  0 

0 

52 

45 

22  0 

10 

0 

57 

47 

10 

10 

X) 

55 

19 

10 

20 

0 

55 

«9 

20 

20 

0 

57 

47 

20 

30 

0 

52 

45 

30 

30 

0 

9 

30 

40 

0 

50 

4 

40 

40 

2 

23 

40 

50 

0 

47 

18 

50 

60 

4 

31 

50 

5  0 

0 

44 

27 

17  0 

If  0 

6 

31 

23  0 

10 

0 

41 

30 

10 

10 

8 

24 

10 

20 

0 

38 

29 

20 

20 

10 

8 

20 

30 

0 

35 

23 

30 

30 

II 

45 

30 

40 

0 

32 

»3 

40 

40 

'3 

14 

40 

50 

0 

29 

0 

50 

50 

14 

34 

50 

6  0 

-  0 

25 

43  + 

18  0 

12  0 

1 

+  I 

«5 

45  - 

24  0 
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TABLES. 


Sidereal 
Time. 


TABLE  II. 

Containing  the  Second  Correction  {dhoay$  to  he  added.) 

Ar^mentt: — Sidereal  Time  and  Altitude. 


Altitude. 


o 
O 


o 

10 


15 


o 

20 


25 


o 

30 


35 


Sidereal 
Time. 


h     m 

0  o 

30 

1  o 

30 

2  o 

30 

3  o 
30 

4  o 
30 

5  o 

6  o 
30 

7  o 
30 

8  o 

30 

9  o 

30 

10  o 

30 

11  o 

30 

12  O 


O 
O 
O 
O 
O 
O 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


I 
o 
o 
o 
o 
I 
I 

2 
2 

3 
3 
4 
4 
5 
5 
5 
5 
4 
4 
3 
3 

2 
2 

I 

I 


o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


I 

o 
o 
o 
o 
I 

2 

3 
4 
6 

7 
8 

9 
9 


o  10 
o  10 
o    9 


o 
o 
o 
o 
o 
o 
o 
o 


9 
8 

7 
6 

4 

3 

2 

I 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o* 

o 

o 


2 

I 
o 
o 
I 

2 

3 

5 

7 
8 

10 

12 

«3 


o  14 
o  IS 
o  15 
o  14 
o  13 

O   12 

o  10 

o    8 

o 

o 

o 

o 


7 
5 

3 

2 


2 
I 
o 
o 
I 
2 

t 


o 
o 
o 
o 
o 
o 
o 
o 
o    9 

O   II 

o  14 
o  16 
o  18 
o  20 
o  20 
o  20 
o  20 
o  18 


o 
o 
o 
o 
o 
o 
o 


16 
14 

II 

9 
6 

4 

2 


11 


o  3 

o  I 

o  o 

o  o 

O     1 

o  3 
o 

o 

O  II 

o 
o 

O  21 

o  23 
o  25 
o  26 
o  26 
o  25 
o  23 

O  21 

o  18 
o  15 

O  II 

o  8 
o  5 
o    3 


o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


3 
I 

o 

o 

I 

3 
6 

10 

\t 

22 
26 
29 

31 
32 
32 

31 
29 

26 

22 

18 

14 
10 

6 
3 


o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


4 
1 

o 

o 

I 

4 
8 

12 

17 
22 

27 

31 

35 
38 
39 
39 
38 
35 
31 

27 
22 

17 
12 

8 

4 


h    m 

12  o 

30 

13  o 

30 

14  o 

30 

15  o 

30 

16  o 

30 

17  o 

18  o 

30 

19  o 

30 

20  o 

30 

21  O 

30 

22  O 

30 

23  O 

30 

24  o 


TABLE  III.     {far   1880.) 

Containing  the  Third  Correction  {always  to  he  added,) 

Arffumentt.'—Sidtreal  Time  and  Date. 


Sidereal 
Time. 


Jan.  I. 


Feb.  I. 


March  i. 


April  I. 


May  I. 


June  I. 


July  I. 


h 
o 

2 

4 
6 

8 

10 

12 

14 
16 

18 

20 

22 

24 


I 
I 
I 
I 
o 
o 
o 
o 
o 
o 
I 
I 
I 


34 

3^ 
28 

13 
54 
37 
26 

24 
32 

47 
6 

23 
34 


I 
I 
I 
I 
I 
o 
o 
o 
o 
o 
o 
I 
I 


31 

38 

35 
22 

4 
46 

29 

22 
2J 
38 
56 
14 
31 


I 
I 
I 
I 
I 
O 
O 

o 
o 
o 
o 
I 
I 


24 

28 
12 

53 
37 
26 

24 

48 

7 

24 


I 
I 
I 
I 
I 
I 
o 
o 
o 
o 
o 
o 
I 


14 
26 

31 

28 

17 

2 
46 

34 
29 
32 

tl 

14 


1 
I 
I 
I 
I 
I 
o 
o 
o 
o 
o 
o 
I 


6 

2 

17 

9 

23 

*3 

23 

14 

17 

II 

6 

54 

0 

si 

43 

0 

51 

37 

0 

47 

37 

0 

46 

43 

0 

49 

54 

0 

55 

6 

I 

2 

o 
o 
o 
o 
o 
o 
I 
I 


4 
6 

6 

4 

2 

59 
56 
54 
54 

58 
I 

4 
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TABLE  II. 

Containing  the  Second  Correction  {alvmyt  to  he  added,) 

Argumente: — Sidereal  Time  and  Altitude. 


Sidereal 
Time. 


Altitude. 

0 

35 

0 

40 

0 

45 

0 
50 

0 

55 

0 
60 

0 

65 

0 

70 

Sidereal 
Time. 


h  m 

0  o 

1  o 

30 

2  o 

30 

3  o 
30 

4  o 
30 

5  o 
30 

6  o 

30 

7  o 
30 

8  o 

30 

9  o 

30 

10  o 

30 

11  o 

30 

12  O 


1 

/  0 

/  ff 

/    H 

/  It 

/  ff 

/  0 

/  ff 

/  *f 

0  4 

0    5 

0    6 

0  7 

0    8 

0  10 

0  12 

0  16 

0  I 

0  2 

0  2 

0  3 

0  3 

0  4 

0  5 

0  6 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  I 

0  I 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  I 

0  I 

0  I 

0  2 

0  2 

0    3 

0  3 

0  4 

0  5 

0  6 

0  4 

0  5 

0  6 

0  7 

0  8 

0  10 

0  12 

0  16 

0  8 

0  9 

0  II 

0  13 

0  16 

0  19 

0  23 

0  30 

0  12 

0  14 

0  17 

0  21 

0  25 

0  30 

0  37 

047 

0  17 

0  20 

0  24 

0  29 

0  35 

0  42 

0  52 

I  7 

0  22 

0  26 

0  32 

0  38 

0  45 

055 

I  8 

I  27 

0  27 

0  32 

0  39 

0  46 

0  55 

I  7 

I  23 

I  46 

0  31 

0  38 

0  45 

0  54 

I  4 

I  18 

I  36 

2  J 

°  35 

0  42 

0  50 

I  0 

I  12 

I  27 

I  47 

2  15 

0  38 

0  45 

0  54 

I  4 

I  17 

I  33 

I  55 

2  28 

0  39 

047 

0  56 

I  6 

I  19 

I  36 

i  59 

2  33 

0  39 

0  47 

0  56 

I  6 

I  19 

I  36 

I  59 

^  33 

0  38 

0  45 

0  54 

I  4 

I  17 

I  33 

I  55 

2  28 

0  35 

0  42 

0  50 

I  0 

I  12 

I  27 

I  47 

2  18 

0  31 

0  38 

0  45 

0  54 

I  4 

I  18 

I  36 

*  5 

0  27 

0  32 

0  39 

0  46 

0  55 

I  7 

*  ^3 

I  46 

0  22 

0  27 

0  32 

0  38 

0  45 

0  55 

I  8 

I  27 

0  17 

0  20 

0  24 

0  29 

0  35 

0  42 

0  52 

I  7 

0  12 

0  14 

0  17 

0  21 

0  25 

0  30 

0  37 

0  47 

0  8 

0  9 

0  II 

0   13 

0  16 

0  19 

0  23 

0  30 

0  4 

0  5 

0  6 

0  7 

0  8 

0  10 

0  12 

0  16 

h  m 

12  O 

30 

13  o 

30 

14  o 

30 

15  o 

30 

16  o 

30 

17  o 

30 

18  o 

30 

19  o 

30 

20  o 

30 

21  O 

30 

22  O 

30 

23  O 

30 

24  O 


Sidereal 
Time. 


TABLE   III.     {for    1880.) 

Containing  the   Third  Correction  (alwayi  to  he  added) 

Argumentt: — Sidereal  Time  and   Date. 


July  I. 


Aug.  I. 


Sept.  I. 


Oct.  I. 


Nov.  I, 


Dec.  I. 


Dec  31. 


h 
o 

2 

4 
6 

8 

10 

12 

14 
16 

18 

20 

22 

24 


o 
o 
o 
o 
o 
o 
I 
I 


4 
6 

6 

4 

2 

59 
56 
54 
54 
56 
58 
I 

4 


I 
I 

I 
o 
o 
o 
o 
o 
o 
I 
I 
1 
I 


II 

7 
I 

55 

51 

48 

49 
53 
59 
5 
9 
12 

II 


I 
I 
I 

o 
o 
o 
o 
o 
o 
I 
I 
I 
I 


21 

13 

2 

50 
41 

37 

39 

47 

58 
10 

19 

23 
21 


I     32 
I     23 

I      7 
o 

o 

o 

o 

o 

o 

I 

I 

I 

I 


49 

34 
26 

28 
37 

S3 
II 

26 

34 
32 


I 

I 
I 

o 
o 
o 
o 
o 
o 
I 
I 

I   42 

I     44 


44 
34 
"5 

52 
32 
18 
16 
26 

45 
28 


52 

44 

25 
o 

34 
iq 

16 

35 
I 

26 


I 
I 

I 
I 

o 
o 
o 
o 
o 
I 
1 

»     45 
I     52 


I 
I 
I 

I 
o 
o 
o 
o 
o 
o 
I 
I 
I 


55 
52 

35 

9 

40 

17 


25 

51 
20 

43 

55 
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MARCH,    1881. 


AT   MEAN  NOON. 

1 

1 

a 

THE  SUN'S 

Equation  of 
Time, 

Vat. 
1  hoar. 

Sidereal  Time. 

Declinaiion. 

Var. 

in 

S'li,. 
Moo. 

27 

2S 
29 

N.   2  4S  59-5 

3    9  25-6 
3  32  4-1 

444-98 

076s 

0-764 

0-761 

h     m    ■ 
0  10  1302 

0  J4     9-57 
026     6-13 

A 

nous 

T,   1881. 

Mon, 
Tues. 
Wed. 

Thur. 

3 
4 

N.  I7S6    S'l 
17  40  46'0 
1725    6-8 

17    9  107 

39'49 
40-.8 

6    4-48 
6    0-47 
5  SS'S4 

5  5°S9 

o'ao6 
0-231 

8  40  55-62 
8  44  5^-'8 
8  p  48-74 

8  Sa  45-39 

OCTOBER,  1881. 


AT   MEAN  NOON.                                                   | 

1 
1 

"0 

THE  SUN'S 

Equal  ion  of 

addtdto 
Mean 

V«r. 
1  Hour. 

Sidereal  Time. 

Var. 

in 
1  Hour. 

Sun. 

Mon, 

Tuei. 

23 
24 

as 

S.I  I     33    44'2 

11    54    39-0 
,2    IS    »8 

52-50 
52-06 

51-59 

+  15  37-21 
154461 

'5  5'-3' 

0324 

0-294 

0264 

14   "    g'sS 
14  12    6m 

14  16    2-66 

NOVEMBER,  1881. 

Thur. 
Frid. 

Sit. 

19 

S.  19    6  19-6 
I9  20  40-a 

>9  34  39-9 

3630 

35-44 

34-56 

14  48-87 
14  36-06 

14  22-40 

0-516 
0-5S' 

>5  46  43-43 
»S  5°  39*98 

'5  54  36  54 

NAUTICAL  ALMANAC  ELEMENTS. 


APPARENT  PLACES  OF  STAES,  1881. 


AT 

UPPER 

TRANSIT   AT 

GREENWICH 

MoQlh 

Day. 

a  Vtsx  Majoris. 

a  Crucii  (Mean.) 

(Spu^J 

R.A. 

DetN. 

K^ 

Decs. 

KA, 

D«:.S. 

b     m 

h     m 

h     m 

10  56 

62    22 

12  20 

62   26 

i3l8 

10  32 

J,u^ 

, 

as'oJ 

70-3 

'V 

12-2 

4'!^ 

»7S 

25'55 

70-7 

1-83 

14-2 

56-69 

29-5 

I6-02 

71-6 

s 

16-7 

57-02 

3'-S 

3' 

a6'4a 

73-0 

'9-S 

S7'33 

33-4 

Teb. 

lO 

2674 

74-9 

3-29 

227 

57-62 

35-* 

2696 

77'i 

3-64 

26-0 

57-87 

36-9 

Mar. 

37-09 

79-6 

3-92 

295 

58-09 

3S-3 

la 

J7« 

B2-2 

4->3 

aa-o 

58-27 

395 

Ai)T. 

" 

S?S 

84-8 
87-4 

4-26 
4-32 

36-5 

39-9 

Pi 

40-5 
4>-3 

K^ 

1670 

89-8 

4-3il 

43-" 

58-6. 

41-B 

|.2       . 

Mij 

II 

26-43 
26- la 

91-8 
93-6 

4-26 
4-13 

46-. 
48-8 

58-66 
58-68 

4i-| 

4S'3 

4 

^ 

25-78 

94-9 

3-95 

S''i 

58-68 

43-3 

si 

25 '43 

95-8 

3'?* 

531 

58-66 

42-1 

3' 

2507 

9D-2 

3-48 

546 

58-61 
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OI'IliTIOlTS     O^'     THE     I'l^ESS. 

^  ^Wrinkles/  what  a  misnomer  1  Why  the  book  is  &r  more  calculated  to  remove  them  than  to 
pucker  the  face  of  the  reader.  Here  you  have  a  real  comfort  to  the  seaman  ;  many  a  knotty  point  of 
nis  profession  put  before  him  in  a  readable  form,  so  that  so  far  from  being  worried,  he  is  inclined,  like 
Sam  Weller  over  his  love-letter,  to  wish  '  there  was  more.'  The  author  disclaims  any  literary  merit  in 
his  book  on  the  score  of  roughing  it  at  sea  since  the  age  of  thirteen  ;  but  he  might  have  left  this  to  the 
critic  to  find  out,  for  assuredly  lew  more  useiiil,  practical,  and  well- written  additions  to  the  sailor's 
Gbrary  have  appeared  for  many  a  long  year  than  the  '  'Wrinkles '  now  before  us.  No  officer  in  the  Mer- 
cantile Marine,  or  rather  no  merchant  ^p,  should  sail  without  this  volume  on  board.  The  amount  of 
instruction  to  be  derived  from  it  would  surprise,  and  pleasurably  surprise,  most  seamen.  We  hope 
'  Wrinkles '  will  soon  come  into  general  demand,  and  indeed  it  should  be  made  a  text -book  on  board 
the  Conway  and  Worcester  without  loss  of  iime,*^—Colbum's  Untied  Service  Magaeine, 

**  One  of  the  wisest  of  modem  aphorisms  is  the  dictum  that '  Every  man  is  a  debtor  to  his  profes- 
sion ;'  aiKl  in  the  present  volume  Captain  Lecky  has  paid  what  we  hope  is  not  his  last  instalment. 

'*  We  may  say  at  once  that  this  is  an  admirable  book 

"  The  author,  like  a  good  workman,  starts  with  a  review  of  his  tools  (books  and  instruments),  and 
pithily  observes  : — *  I'here  are  so  many  works  on  navigation  that  any  one  so  disposed  might  easily  con- 
vert Us  cabin  into  a  book  closet,  leaving  no  room  to  stow  away  himself  and  wardrobe.'  He  gives  a  list 
of  16  books,  costing  about  ;^8.     .... 

'*  Chapter  XV.  is  devoted  to  what  the  author  calls  '  Weatherology,'  and  we  think  it  one  of  the  best 
in  the  book.  As  might  be  expected,  the  author  thinks  that  the  best  system  of  all  is  constant  watchful- 
ness. 

^ In  taking  leave  of  this  valuable  book,  the  reviewer  has  to  say,  in  conclusion,  that 

should  it  be  his  &te  a^ain  to  plough  the  waters  for  a  livelihood,  he  shall  certainly  add  to  his  library 
*  Captain  Lecky 's  Wnnkles  on  Practical  Navigation^'  even  at  the  risk  of  *  leavingno  room  to  stow  away 
himself  and  wardrobe.'  **^Mercantile  Marine  Service  Association  REPORTER. 

**  Captain  Lecky  devotes  his  book  to  practical  Navigation.  He  has  dedicated  his  work  to  Sir 
Thomas  Brassey,  in  memory  of  having  had  a  place  in  the  Sunbeam  during  a  portion  of  her  adventurous 
voyage.  The  author  tells  us  that  the  oook  has  been  prepared  for  comparatively  younc:  members  of  the 
profession,  and  that '  one  of  the  leading  objects  has  been  to  elucidate  in  plain  English  some  of  those 
unportant  elementary  principles  which  the  savants  have  enveloped  in  such  a  haze  of  mystery  as  to  lender 
pursuit  hopeless  to  any  but  a  skilled  mathematician.'  That  Captain  Lecky  has  performed  this  task  care* 
fully  and  effectually  will  be  admitted  by  all  who  are  competent  to  consult  and  to  give  an  opinion  on  his 
pages.  In  the  appendix  will  be  found  some  pretty  formulae  for  correcting  the  rate  of  a  marine  chrono- 
meter, with  examples  to  be  worked  out ;  also  a  table  of  corrections  due  to  changes  of  temperature ;  some 
information  respecting  what  is  known  as  the  '  heeling  error '  in  the  compasses  of  iron  ships,  and  other 
important  matters.  Captain  Lecky's  work  does  not  aim  at  novel  theones  or  recondite  disquisitions  on 
questions  of  navigation ;  but  it  is  a  practical  and  useful  production,  and  as  snch  will,  we  have  no 
<oubt,  be  appreciated  by  those  for  whom  it  is  intended." — Shipping  and  Mercantile  Gazette, 

**  A  pleasant  feature  in  the  work  is  that,  written  in  homely  language,  thoroughly  femiliar  to  the 
nautical  ear,  it  is  never  too  learned.  None  of  the  '  Wrinkles '  are  surrounded  by  that  husk  of  mathema- 
tical mystery  with  which  some  of  our  modem  savants  love  to  shroud  the  information  they  are  seeming 
to  give,  and  puzzle  rather  than  instruct  their  readers.    .... 

**  The  entire  work  is  so  well  worthy  of  attention  that  it  seems  unfair  to  especialise  any  particular 
chapter.  We  should  advise  sailors  to  thoroughly  study  the  whole  book,  from  the  Preface  to  Appendix 
D.  '-'British  Merchant  Service  JoumaL 
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"WRINKIiES"   IN   PRACTICAL    NAVIGATION. 

OPINIONS   OF  THE  PRESS.— Continutd. 

"  The  autlior  of  Ihis  work  stales  in  his  preface  thai  '  the  particular  aim  of  the  treatise  a  lo  futniib 
leamen  with  tharDuehlypmcficaf  hints,  such  as  are  nut  found  in  the  ordinary  works  on  NarigaUon,* 
■nd  he  has  stuck  to liis  text.  The  wnik  abounds  in  excellent  and  sound  advice  on  every  subject  uid 
science  with  which  a  navigator  should  be  acquainted  ;  and  in  discussing  insimmenis,  book*,  ind 
methods,  though  there  are  no  novelties,  there  is  much  practical  information  that  will  be  serviceable  «Like 
10  old  and  young."— JVati/ioai  Magazine. 

"The  great  charm  of  the  work  is  that  the  author  does  not  ascend  to  what  Hune  lerro  the  scieiili&c  ; 
be  is  never  too  learned,  but  hai  well  carried  out  the  talk  he  sets  himseirJD  the  preface. 

''  In  a  pleasant,  allractive,  and  sailor-like  style  be  dealt  with  what  Captain  Bedrord,  in  the  *  Sailor's 
Pocket  Book.'  so  well  lenns  '  the  important  simplicities  '  of  navigalion.  The  mariner's  compass,  llie 
sextant,  chronometer,  chart,  dividers,  parallel  rulers,  log  and  lead,  station  pointer,  barometer  and  iho- 
mometei,  are  each  in  Cum  treated  upon,  and  volusble  '  wrinkles  '  with  regard  to  their  manipulatioa  u4 
individual  peculiarities  are  given  to  the  public. 

''  These  '  wrinkles  '  are  the  result  of  the  observations  of  a  sailor  who  has  not  only  gone  to  sea  wi^t 
his  eyes  open,  but  whn  also  has  had  the  industry  lo  read  and  weigh  the  opnnions  of  others. 

''  The  student  of  Wrinkles  '  will  ool  only  derive  advantage  from  the  experience  of 
author,  Init  he  will  also  Bnd  himselT  introduced  to  the  best  men  and  works  connected  with  llie  ii. 
menis  and  subjects  treated  upon.       Numerous  examples  and  illustrations  illuminate  the  ordinary  letter' 
press." — Untied  Service  GcueUe. 

"  Nautical  works  are  almost  as  '  t^entiful  as  blackberries,'  and  it  is  rather  difficult  for  an  antbor  in 
these  days  to  bring  an;ilhing  before  the  public  in  the  nautical  wa;^  which  has  not  already  ippeaied  in 
iirinL  Captain  Lecky  hai,  however,  proved  thai  there  is  no  rule  without  an  exception,  for  his '  Wiinklei  * 
in  Practical  Navigation  is  quite  an  exception  lo  the  general  run  of  insiruclive  books  on  naTieaiion,  tat 
he  takes  the  sailor  from  Che  '  cradle  to  the  grave,'  and  tells  him  what  lo  do  when  he  fim  Icstcs  tlte 
former  until  he  finishes  his  education.  The  information  conveyed  in  '  Wrinkles '  is  told  in  a  tborougUy 
readable  way,  and  put  in  a  form  at  once  concise  and  intelligible  ;  and  however  M\  Ihe  seaman's  UlMaiy 
may  be,  we  are  sure  that  he  cannot  do  better  than  find  space  on  bis  book -shelf  for  '  Wrinkles  in  Practical 
Navigation.' " — Hunf*  Yudtting  Magazint. 

"  Captain  Lecky's  '  Wrinkles '  may  be  accepted  with  conUdence  ;  the  vast  amount  of  matter  whidt 
Ihe  work  contains  is  astonishing,  but,  after  a  careful  perusal,  competent  readers  will,  we  think,  adail 
Ihal  not  ■  aiugle  page  has  been  penned  in  vain. 

"  The  most  ancient  of  manners  can.  we  believe,  obtain  from  Captain  Lecky's  work  a  large  tonfy 
of  usclul  'Wrinkles.' " — Army  and  Navy  Gatetle. 

''A  valuable  addition  to  the  science  of  practical  niv^ion  is  the  work  under  the  above  title  bf 
Captain  Lecky  of  the  American  Steamship  Line.  Captain  Lecky's  announced  purpose  in  Ihe  ptcpaia- 
lion  of  this  volume  '  is  lo  fiimish  seamen  with  thorougbly  practical  hints,  such  as  are  nol  found  to  ibc 
ordinary  works  on  naTigalion.'  and  he  has  accomplished  this  in  a  large  degree,  not  the  least  *aliuble 
feature  of  his  production  being  its  numerous  illustrations  and  diagrams,  which  oucht  lo  make  their  sotr 
JFcIs  clear  lo  Ihe  dullest  mind.  The  appearance  of  such  a  work  on  navigalion  should  be  wumty 
welcomed  by  seamen,  whose  arduous  vocation  generally  prevents  them  from  giving  much  thought  or  time 
to  invcsligatioos  oihcr  than  those  which  lie  near  the  surtece  of  things. 

"  Bat  the  general  public,  as  well  as  nsvigatois,  have  much  to  learn  from  CapL  Lecky's  '  tfruttUt' 
""  ithor  conclusively  demolishes  Ihe  theory  that  in  approaching  icebergs  thennometric  led*  of  IW 
"     lly  r('"   •  ^  '      -■  ■■-.-.         -      - 


n  be  confidently  relied  on  to  reveal  through  darkness  or  fog  the  proximity  of  these 
aangen.  He  also  throws  out  some  valuable  hints  on  log  navigation,  and  forcibly  overthrows  I 
for  high  speed  in  fogs,  especially  when  near  land,  and  trusting  lo  that  'slupid  old  pilot — dead 


Lecky  baj^  evidently  been  a  keen  weather  observer  al  sea,  and  has  informed  hi  mseH' of  most  thai  bi 

advanced  by  modern  meleorologisli  on  ihe  'law  of  itoims.'  It  is  lo  be  regrelled,  however,  both  fa 
science  and  seamanship,  that  beseems  to  nnderrote  the  bcnefils  the  navigator  has  derived.  o(  ii  likely  |ft 
derive,  from  concerted  meteorological  observations  on  ihe  ocean.  '  If.'  he  says,  'concerted  action  ««ailt 
so  little,  what  chance  has  an  isolated  individual,  such  as  the  commander  of  a  ship,  who  has  rKXhing  l» 
guide  him  bat  his  own  local  observations,  of  silisfying  himself  as  lo  ihe  weather  he  may  expect  Gm  erea 
a  single  coming  day  ?'    Caplain  Lecky  overlooks  the  fact  that,  as  yet,  no  '  concerted  action  '  for  inrati- 

Cn  of  ocean  meteorolo^  al  all  oommcnsuiate  with  the  nugnilude  of  the  marine  stoim-lieli)  hai  em 
taken  ;  and,  unhappily,  while  giving  his  nautical  brethren  minute  insdaclions  as  lo  alntosl  even- 
thing  thai  concerns  them  to  know  or  lo  do,  he  omits  to  spur  them  up  to  the  work  oTco  operating  in  tA* 
f>iew  modem  inlemational  scheme  of  marine  weather-research,  designed  lo  supply  the  veiy  tack  bexaa- 
inghr  deploies.  If  Captain  J.ecky  and  halfofthr  commanders  of  ihe  menhani  marine,  who  will  n^ 
tuibook  wilh  eager  interest,  would  enter  heartily  on  Ihis  observational  work,  and  conlribule  th^  ^ontl- 
laneoui  ocean  weather  reports  lo  the  signal  service,  (he  results  deduced  from  such  co  opcntioa  m^l 
hasten  that  better  day  he  hopes  for,  in  which  the  seaman  will  not  have  lo  depend  solely  opon  ba  owa 
Individual  weather  experience,  but  will  go  on  his  ocean  course  having  his  way.  w  to  speak,  ■  blaaed ' 
throngh  the  winds  and  Uliludes  and  longitudes,  and  will  be  in  posseuioo  of  knowledge  by  *Udl  te 

Irjn.  in  a  l.irpe  dejjree,  forccnst  to-morrow's  '  proUbiliiics.'  "—Public  Lrttorr  and  Uaity  TVuiuv^^ 
i'hilaiieljikui.  ^^1 


"WRINKLES"   IN   PRAOTICAL   NAVIGATION.  3 

OPINIONS  OF  THE  TRESS.— CcmtinuecL 

'*  A  practical  and  direct  help  to  merchant  captains  will  be  found  in  a  work  lately  published  by 
Messrs.  George  Philip  and  Son,  of  Fleet  Street,  London.  The  author,  Captain  S.  T.  S.  Lecky,  R.N.R., 
is  well-known  in  the  mercantile  marine  as  a  careful,  clever,  and  scientific  navigator,  and  he  has  brought 
a  large  amount  of  his  knowledge  and  practical  ability  to  bear  upon  the  present  publication.  The  aim  of 
the  author  has  evidently  been  to  convey,  in  simple  language,  thoroughly  practical  hints,  and  he  has  con* 
densed,  in  a  clear  succinct  style,  the  teachings  of  standard  works  and  the  results  of  his  own  experience 
into  a  handy  and  clever  work.  The  author  states  in  his  preface  that  '  The  volume  contains  but  little 
that  is  claimed  as  strictly  original ;  it  is  based  upon  life-long  observation,  matter  gleaned  from  the  works 
of  men  of  repute,  and  information  derived  from  mtercourse  with  shipmasters  and  the  cloth  generally.' — 
Notwithstanding  this  modest  pre&ce,  Captain  Lecky  has  thrown  out  some  valuable  hints,  and  has  given 
his  information  in  a  very  sensible  form.  This  is  particularly  applicable  to  his  selection  of  books  neces- 
sary for  reference  and  guidance,  and  his  list  of  indispensable  nautical  instruments  of  navigation.  The 
Chapter  on  the  *  Mariner's  Compass  '  contains  a  large  amount  of  useful  information,  and  will  be  read 
with  interest  by  all  practical  navigators.  His  remarks  on  the  marine  chrononleter,  the  sextant,  and  the 
artificial  and  sea-horizons,  form  the  subjects  of  three  very  able  chapters,  and  will  well  repay  careful 
perusal  This  applies  also  to  his  observations  on  the  use  of  instruments,  their  adjustment,  and  compa- 
rative value,  and,  although  there  is  little  that  is  novel,  his  *'  wrinkles  "  are  given  in  a  sailor-like  and 
concise  form.  The  astronomical  portion  of  the  volume  is  all  good  and  practical,  and  sucb  as  all  who 
have  charge  of  life  and  property  at  sea  should  have  a  knowledge  of.  Especially  clear  and  concise  are 
his  remarks  on '* Latitude  by  meridian  altitude,"  and  his  ''Longitude  by  chronometer,"  while  those 
chapters  devoted  to  the  subjects  of"  shaping  a  course,"  and  '*  The  danger  angle  and  correct  determina- 
tion of  distance  from  land,    will  commend  themselves  to  all  practical  and  enquiring  minds. 

*'  The  author  has  collected  some  useful  notes  on  tides,  currents,  waves  and  breakers,  whidt  should 
be  of  much  service  to  those  interested  in  such  physical  phenomena. 

"  The  book  is  wellprinted,  and  contains  70  or  80  illustrations,  including  some  carefully  executed 
physical  maps." — The  Englishman,  Calcutta, 

''This  work  is  certainly  the  very  best  of  its  class  ever  emanating  from  a  practical  seaman,  and  to  us 
it  was  a  real  source  of  pleasure  to  read  it  through,  as  we  did  from  preface  to  appendix.  Captain  Lecky 
has  written  in  a  charming,  off-hand  style,  and  from  the  start  captures  his  reader  and  leads  him  on  in  deep 
interest  through  the  thirty-three  chapters  of  his  work.  He  makes  the  study  of  navigation  a  real  pleasure, 
and  as  attractive  as  a  romance,  yet  full,  practical,  and  correct.  We  claim  to  know  something  of '  naviga- 
tion wrinkles,'  but  Captain  Lecky  has  quickly  and  tersely  tausht  us  how  little  we  really  did  know.  He 
is  not  only  a  keen  observer,  but  has  cleverly  adapted  the  good  opinions  of  others,  and  blended  them  so 
adroitly  with  those  of  his  own,  which  are  ripened  with  experience,  that  the  work  stands  without  a  peer 
in  the  literature  of  things  pertaining  to  the  science  of  navigation.  There  is  no  work  that  we  know  of  that 
we  can  so  urgently  recommend  to  the  practical  navigator  as  this  one.  It  is  a  library  in  itself.  It  b  the 
work  of  a  true  sailor,  and  one  whom  we  must  esteem  very  highly  for  his  superior  talents  and  attainments. 
No  work  of  its  class  ever  received  higher  commendation  from  the  British  press  than '  Wrinkles '  has,  and 
deservedly  so.  It  is  a  work  that  can  be  understood  by  the  professional  mariner  of  any  grade,  and  being 
devoid  of  the  *  wholly  too  learned,'  b  suited  to  all  degrees  of  progress  in  the  study  of  navigation  ;  and  even 
the  oldest  master  mariner  can  learn  from  its  pages  very  much  that  is  valuable,  while  to  the  '  youngster  * 
it  is  invaluable.  We  hope  our  shipmasters  will  secure  a  copy  of  this  work,  and  we  feel  assured  that  they 
will  thank  us  for  pointing  out  its  iexistence  and  merits.  Captain  Lecky  is  now  in  command  of  one  of  the 
American  Line  steamers,  and  hence  he  is  well  posted  in  the  Atlantic  trade,  and  was  in  Sir  Thomas 
Brmssey's  famous  yacht  Sunbeam^  in  her  cruise  aroimd  the  world.  We  congratulate  the  captain  upon 
the  results  of  his  labours,  and  he  certainly  deserves  the  thanks  of  his  brethren  everywhere." — Tne  Nautical 
GazetU  (New  York). 


List  of  Shipowners  who  have  supplied  copies  of  Oaptain  Lecky's  book  to  their  Tossels. 

Peninsular  and  Oriental  Steam  Navigation  Co.  (53  copies). 

Donald  Curhie  k  Co.  London. 

Gellatly,  Hankey  &  Sewell,  „ 

Gray,  Dawes  &  Co.  „ 

M'iNTYRE  Bros.  &  Co.,  of  Newcastle. 
Wilson  &  Sons,  Hull. 
Red  Star  Line,  New  York  and  Antwerp. 
Ulster  Steamship  Co.,  Belfast. 
Robert  Henderson,  Esq.,    ,, 
William  Gray  &  Co.,  West  Hartlepool. 


Pacific  Steam  Navigation  Ca,  Liverpool. 

Inman  Steamship  Co.  „ 

Rathbone  Bros.  „ 

Alfrrd  Booth  &  Ca  „ 

Ismay,  Tmrie  &  Co.  „ 

British  Shipowners  Co.  „ 

Lamport  &  Holt.  „ 

G.  H.  Fletcher  &  Ca  „ 

African  RoVal  Mail  Steamship  Co.  „ 

Taylor,  Camekon  &  Co.  ,. 

Richardson,  Spencr  &  Co.  „  \    Bureau  of  Navigation,  Washington,  for 

J.  D.  Newton,  Esq.  „  |       United  States  Navy— 50  copies. 


American  Steamship  Co.,  Philadelphia. 


"WHINBCLES"   IN   PBACTTCAL   NAVIGATION. 


EXTRACTS  FROM  LETTERS  RECEIVED  BY  THE  AUTHOR. 


From  Captain  Sir  Fred-  Evans,  B.N.,  F.R-S. 

Hydrographer  to  the  AdmiraUy. 
"  VoD  deserve  success,  for  your  work  conta-ins  a  great  deil  of  useful  inrormation,  well  prepared  ftom 
touod  praclieal  eipcrience." 

From  A.  C  Johjiston,  Esq.,  B  H..  MA  ^H 

Naval  Instructor  R.M.S.  ''  Britannia"  Training  Ship  far  Naval  Cadtta.  ^^| 

"The  more  I  kc  of  your  book  the  belter  pleased  I  am  wilh  i(.  Il  is  quite  >  treasury  of  naoV 
krowleclge,  and  contains  within  its  pages  on  amount  of  information  which  could  only  otherwne  be 
acquired  by  years  of  EUitual  piactical  experience  at  sea.  It  is  correct  in  priadpte,  and  a  safe  guide  to  tbe 
seaman  ;  and  no  one  who  aspires  to  become  a  thoroughly  efBcient  nsTigalor  should  be  without  it.  1  tiwt 
ItiBl  yoor  labours  may  be  rewaidetl  in  a  manner  commensurate  with  their  deserts." 


From  Sir  Williun  Thomson.  F.B  S. 

The  Univertity,  Glatgoa. 
"  I  have  looked  into  your  book  a  good  dexl,  and  have  been  greatly  pleased  wilh  iL 
Ihoioughly  of  eveiylhing  I  saw." 


From  OaptaJn  Fred.  Geo.  Bedford.  B-N- 

Captain  of  the  Royal  Nasal  Coliege,   Grttnmth. 
"It  siHItes  me  as  bein^  a  most  useful  bmk,   and  one  that  will  commend  itself  ftom  its 
lently  practical,  and  placing  the  mallet  before  people  in  clear,  homely  language." 


From  Olements  B.  Hsrkham.  E«i- 

Honorarg  Secretary  Royid  Geographical  Society, 
"  I  have  been  reading  with  much  ic 
3  be  a  most  useful  and  opportune  fi 


i 


9t  your  '  Wrinkles  in  Praclii^  Navigatiim.'      It  MMMta  tc 
anJ  just  what  U  needed  by  great  numbers  of  people.* 


From  John  Hartnnp.  Esq. 

Aitronotiur  to  the  Meriey  Dock  and  Jliirbnar  Est'iXe,  BidHon  Obiervatory. 
"  In  accordance  with  your  desire,  1  have  looked  over  your  book  on  Navigation.      Durii 
thirty  years  I  have  tieen  in  the  habit  of  conversing  wilh  officers  in  the  mercuilile  mBiine  od  n 
reeled  with  the  virrious  methods  which  have  been  devised  for  Rnding  the  posilion  of  a  ship  at  am,  nd  I 
have  been  strongly  impressed  mth  the  tmportsnce  o(  ehcrl  practieid  ntUt  Ibr  Ihcir  eoidancc  Ut  aO  cat- 
culitiona.      I  have  nol  herMofore  met  with  a  work  which  has  appeared  to  me  k>  well  adapted  ta  MM 

their  requirements  as  '  Wrinkles  in  Practical  Navigation,' and  ihcrcfore  th''* ""  '       '    -— "■ 

benelit  on  mariners  by  its  publication." 


hcrcfore  think  you  have  eaottMXti'. 


From  Captain  Kenry  ToTnbee.  F.B-AS- 

Superintftuient  of  the  Slelairoiogical  Office,  lie,  Victoria  SCreel,  London. 
"  So  far  as  I  can  give  an  opinion,  it  c: 
well,  and  does  nol  frighten  ihc  tailor  by  to 
of  experience  Ja  a  chatty  form." 


J 

-tnwn- 

.a^I 

aOcst- 


From  "W.  0.  Bargan, 
Ttadter  iff  Navigation,  and  authiff  oj tevtral  Work*  on  Nanigatiim,  Svnderttn^ 
"  I  have  read  yoot  work,  entitled  '  Wrinkles  in  Practical  Navigalioir, '  vrilh  much  ralrreat. 
(oalains  a  very  great  amoiinl  of  information  useful  to  captaint  and  officen  of  ship*,  prtacated  ■•  fl 
a  Kjrie  which  they  will  thoroughly  undcntand." 


"WRINKLES-   IN   PBAOTIOAL   NAVIGATION. 


EXTRACTS  FROM  LETTERS,— CanHnued. 

From  Oaptain  W.  B.  Dnncan, 

Teacher  of  Navigation,  South  ShiMs. 

"  I  like  your  *  Wrinkles '  exceedingly.     Owners,  for  their  own  interest,  should  supply  a  copy  as 
part  of  the  ship's  stores." 


From  Oaptain  John  Haider, 
South  Shields. 

"  I  think  the  title  you  have  chosen  for  your  work  is  an  admirable  one, — they  are  '  Wrinkles  *  indeed." 


From  Oaptain  Henry  llonison. 
Senior  Officer  American  Steamship  Co,,  United  States  Mail  Steamier  "  Ohio/* 

"To  my  mind  you  have  conferred  a  great  boon  on  the  profession,  as  the  book  meets  a  want  that 
all  familiar  with  the  subject  will  admit  has  been  long  felt*' 


From  Oaptain  Henry  F.  Watt, 

Liverpool. 


"  You  have,  it  appears  to  me,  done  a  solid  and  good  piece  of  work,  and  it  has  merit  enough  to 
ensure  it  success." 


From  H.  11  Hozier,  Esq. 

Secretary  for  Lloyd^s,  London, 

"  The  Committee  of  Lloyd's  have  ordjcred  a  copy  of  your  work  entitled  *  Wrinkles  in  Practical 
Navigation  *  to  be  supplied  to  the  Library  of  thb  Institution." 


From  Oaptain  W.  W.  Kiddle,  RN. 

Principal  Officer  of  the  Board  of  Trade,  Dublin, 

*'  I  hare  looked  over  your  book  with  much  interest,  and  must  congratulate  you  on  hiiving  rendered 
a  great  service  to  seamen  in  general.  My  opinion  is  that  it  will  be  translated  into  foreign  languages  ; 
for  I  am  not  aware  of  a  similar  work  in  any  continental  marine.  The  type,  engravings,  and  general 
get'Up,  are  also  good ;  and  you  may  rest  assured  that  it  will  be  long  before  there  is  a  rival  in  the  field.** 


From  R.  0.  Oarrington,  Esq. 

Indian  Marine  Survey  Department,  Calcutta, 

"  Your  book  contains  a  vast  amount  of  information,  and  really  useful  *  Wrinkles  *  to  a  thinking  man.** 


From  Oaptain  D.  Home, 

Superintendent  Dock  Mcuter,  Hull. 

"  Such  is  my  opinion  of  the  book,  that  I  think  it  ought  to  be  supplied  to  every  foreign-going  vessel 
(whether  sail  or  steam),  and  I  shall  take  every  opportunity  of  pointing  this  out  to  shipowners. 

••  Speaking  from  my  own  experience  of  sea  life,  I  should  indeed  have  been  only  too  glad  to  have  had 
it  myself  when  afloat.  So  clearly  are  some  of  the  difficult  problems  of  navigation  explained  and  illus- 
trated, that,  to  say.  the  least  of  it,  the  thanks  of  all  worthy  of  the  name  of  seamen  are  due  to  Captain 
Lecky  for  his  valuable  publication.  I  hope  it  will  become  a  standard  work,  and  take  its  proper  place 
accordingly.** 


From  Sir  Thomas  Brassey,  K.O.B.,  MP. 
Civil  Lord  of  the  Admiralty, 

••  I  have  gone  carefully  through  your  book,  and  think  it  admirable.'* 


"  WRINKLES '^   IN   PRACTICAL   NAVIGATION. 


EXTRACTS   FROM   hETTEKS.—CorUinwd. 

From  Alex.  Sinclair,  Esq. 

Manager  African  Steamship  Co, 

"There  seems  to  be  but  one  opinion  about  it,  namely,  that  it  is  a  very  valuable  and  instructive 
liandbook  for  masters  of  ships.  '* 


From  Archibald  T.  Miller,  B.N. 
Commanding  School  Frigate  "  Conway!* 


*•  It  affords  me  very  real  pleasure  to  be  able  to  speak  in  the  highest  terms  of  your  most  valuable 
work  *  Wrinkles*  Having  heard  of  its  preparation  for  many  years  past,  I  am  not  surprised  to  find  it 
containing  the  ripe  fruit  of  long  service  at  sea,  with  a  very  wide  experience  in  all  sorts  of  ships  and 
services.  The  book  is  most  interesting,  as  well  as  instructive ;  and  I  have  heard  a  landsman  declare 
that  he  found  it  more  absorbing  than  any  novel.  If  sailors  do  this  also,  and  study  closely  the  chapter 
on  compasses  (even  if  nothing  more),  we  will  hear  of  far  fewer  disasters  from  *  suspected  currents,*  and 
what  not  So  much  is  the  value  of  the  book  recognized,  that  it  is  proposed  to  give  it  as  a  prixe  on 
board  here  ;  and  I  may  mention  that  a  Liverpool  shipowner  recently  sent  us  six  copies  for  my  lads  to 
study.'* 


From  Oaptain  John  C  Almond, 

Nautical  Inspector  Peninstdar  and  Oriental  Steam  Navigation  Compcmy. 

"I  have  made  the  acquaintance  of  your  book,  and  think  very  highly  of  it.  The  title  is  well 
chosen.  The  '  Wrinkles '  cover  a  pleasant  face.  A  work  of  this  sort  was  much  wanted,  and  (ills  a  gap 
that  previously  existed  in  every  Nautical  Library.  It  is  useful  as  an  aide  de  memoire  to  the  old  Salt, 
and  a  mentor  to  the  young  one.  A  copy  will  be  placed  in  the  chart-room  of  each  of  our  vessels,  and  in 
future  will  be  included  in  the  list  of  navigational  books  supplied  to  every  new  ship.  Captain  Angore — 
our  Marine  Superintendent — wishes  me  to  say  he  thorouf^hly  agrees  with  my  estimation  of  the  merits 
and  practical  utility  of  the  'Wrinkles.'  If  you  think  it  worth  while,  you  are  at  liberty  to  make  any  use 
of  the  same." 


Frpm  Arthur  Hill  Coates,  Esa- 
Late  Honorary  Secretary  Ulster  Royal  Yacht  Club, 

**  I  am  very  glad,  but  not  surprised,   to  hear  your  book  is  getting  off  so  well.     To  jrachtsmen 
I  think  it  will  be  of  the  greatest  use,  because  they  have  not  the  same  opportunity  of  learning  the 

*  Wrinkles  '  from  experience  that  most  young  merchant  officers  possess.  Amateurs,  when  they  commaiKi 
their  own  vessels — now  not  unfrecjucntly  the  case — have  no  one  to  go  to  when  they  get  into  a  fog,  bur 
must  just  worry  throup;h  by  themselves.    Your  book  at  such  times  comes  to  their  aid,  and  gives  them  the 

•  short  cut,'  so  to  speak." 


From  Captain  John  W.  King  (Ship  "Fearnought  ")i 

5,   JJroad  »Sr/-teY,  J'tunjUy    Cornwall. 

•*  A  word  alxDut  your  *  Wrinkles.'     I  think  it  alio<;clher  the  plainest  and  most  simple  book  on  Navi- 
gation  I  have  ever  read,  and  jusi  what  we  sai]or>  wanted," 


From  Captain  J.  G.  Walker,  U.S.N. 

Chi^f  of  Burc^iu    of  Xari'j'itio7u    Washington. 

"I  consider  that  your  book  *  Wrinkles  in  Practical  Xavi.:alion '  will  be  of  great  service  to  officer 
qualifying  themselvcj:  lor  examination,  and  would  serve  as  an  excellent  work  oi  reference  for  command- 
ing officers.  I  have  plcaMirc  iti  sending  a  f  py  f^'  ^  »eiier  rccei\ed  Irom  Kcar-.Admiral  Amx.«n 
refeinng  to  it." 


WEINKLES^'    IN    PEACTICAL   NAVIGATION 


EXTRACTS  FROM  hETTEKS.— Continued, 

From  BearAdmiraJ  Ammen,  n.S.N. 
To  Captain  J,  G.    Walker,  U,S.N,,  Chief  of  Bureau  of  Navigation. 

"  One  of  my  fonner  Naval  friends  has  asked  my  examination  of  *  Wrinkles  in  Practical  Navigation,* 
by  Captain  Lecky,  R.N.R.  This  I  have  done  attentively,  and  beg  leave  to  bring  it  to  your  notice.  It 
would  in  general  prove  an  intelligent  reminder  and  guide  of  procedure  in  what  officers  should  have 
learned  from  text-books,  and  thus  serve  a  most  useful  purpose.  I  appreciate  the  40  pages  on  Deviation 
and  the  Correction  of  compass  errors  ;  the  more  perhaps,  as  I  had  aided  in  the  appointment  of  a  gentle- 
man in  our  Navy  of  high  scientific  attainments  with  an  especial  view  of  developing  the  subject  in  some 
such  practical  form ;  and  although  Chief  of  Bureau  at  the  time,  and  the  gentleman  was  under  my  orders, 
I  failed  to  attain  my  end.  As  a  reminder,  if  not  an  instructor,  I  consider  the  book  practically  of  great 
value." 


From  Bear-Admiral  0.  B.  P.  Bodgers,  n.S.N. 
To  Captain  Jas.  S.  BiddUe,    U,S.N. 

"  Captain  Lecky*s  book  seems  to  me  an  admirable  compilation,  comprehensive  and  well  arranged, 
and  likely  to  be  very  useful  to  all  sea  officers,  especially  to  those  of  the  Merchant  Service.  So  far  as  I 
have  been  able  to  examine  it,  it  has  impressed  me  very  favourably,  and  I  quite  agree  with  you  in  think- 
ing it  might  well  be  placed  in  our  ships'  libraries." 


From  Fred.  0.  Green,  Esq., 

Wooddde  Cottage,  Breightmet,  near  Bolton, 
"As  an  Amateur  Navigator  I  am  deriving  great  benefit  from  your  *  Wrinkles.*    It  is  just  the  right 


Compass,  as  I  have  mostly  been  shipmates  with  lead  ballast  and  wooden  hulls,  but  your  chapter  on 
Compass  Correction  has  cleared  up  what  always  appeared  very  misty  to  me  before.  Also  the  Table  of 
Corrections  for  Johnson's  method  is  an  acquisition  :  for  some  time  I  had  worked  by  the  intersectional 
method,  but  constantly  scoring  lines  on  the  charts  is  objectionable,  and  caused  me  to  resort  to  pro- 
portional logarithms — which,  however,  is  a  long  and  cumbrous  operation.  Now  that  I  have  your  book 
It  is  certain  tnat  I  shall  never  do  so  again." 


From  Oampbell  M.  Hepworth,  Esq.,  F.M.S. 

Commanding  B.M.S.  "Danube"   Union  Steam  Packet  Co, 

**With  regard  to  your  valuable  works  'Wrinkles,'  and  *The  Danger  Angle  and  Off-Shore 
Distance  Tables,'  I  have  recommended  them  right  and  left,  and  in  all  cases  have  been  considered 
a  benefactor  for  having  done  so.  For  mjrself,  I  believe  it  is  impossible  to  estimate  the  amount 
of  good  they  have  done  already,  and  are  destmed  to  do  in  years  to  come.  Have  they  been  translated 
into  foreign  languages?    If  not,  they  should  be." 


€t 


From  Captain  8.  P.  H.  Atkinson. 
Late  Ship  "  BrUish  PeerJ* 

Having  read  over  your  work  entitled  *  Wrinkles  in  Practical  Navifjation  *  several  times,  I  have  no 
hesitation  in  saying  that  it  is  the  most  useful  and  comprehensive  treatise  on  the  many  and  various 
subjects  necessary  to  safe  navigation  which  I  have  ever  met  with.  I  feel  sure  that  it  will  prove 
of  much  practical  value  to  the  older  members  as  well  as  the  rising  generation  of  the  Mercantile 
Marine,  m  tending  to  eradicate  from  their  minds  many  prejudices  which  at  present  exist  in 
favour  of  working  out  problems  in  navigation  by  erroneous  and  non-conclusive  methods.  It  seems  to  me 
also  that  your  remarks  on  Compass  Adjustment  are  the  clearest,  most  easily  comprehended,  and 
most  instructive  of  any  that  I  have  come  across.  I  had  read  Towson's  before,  but,  through 
the  want  of  accompanying  diagrams,  used  to  get  somewhat  confused,  and  I  am  very  confident 
that  your  elucidation  of  the  subject  will  be  much  more  generally  appreciated. " 


Lately  Published,  by  the  same  Author,  square  Spo,  clothy  Price  45.  6ef. 
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EXTRACTS  FROM  LETTERS  RECEIVED  BY  CAPTAIN  LECKY. 

From  H.  0.  Rothery,  Esq. 

Her  Majesti/s  Wreck  Commissioner,   Westminster. 

**  I  have  read  through  the  Introduction  and  the  Prefaces  to  Parts  I.  and  II.  of  your  little  book, 
entitled  'The  Danger  Angle  and  Off-shore  Distance  Tables/  and  think  that  it  will  be  mpst  useful 
to  seamen  in  estimating  their  distances  from  land,  if  they  will  only  consult  it  As  a  mathematician  I  am 
especially  pleased  with  it.  A  notice,  also,  which  I  received  of  your  other  work,  *  Wrinkles/  &c, 
has  induced  me  to  send  for  the  book,  and  I  shall  try  to  make  myself  master  of  it  during  the 
short  vacation  which  I  am  now  about  to  take." 


From  Staff-Oommander  J.  li.  Share,  R.N. 

Cape  Tovm,  South  Africa. 

**  I  have  this  day  received  a  copy  of  your  admirable  book,  '  The  Danger  Angle  and  Off-shore 
Distance  Tables,'  and  hasten  to  express  my  high  approval  of  its  contents  and  handy  size.  It  cannot  fail 
to  be  highly  useful  when  known — as  it  ought  to  be---fiur  and  wide.'* 


From  Fred.  0.  Oreeni  Esq., 

Woodside  Cottage^  Breightmet,  near  Bolton, 

''I  am  just  writing  a  line  to  tell  you  I  have  got  your  'Distance  Tables,*  and  shall  be  glad 
of  an  opportunity  of  trying  the  plan,  In  the  generality  of  cases  of  distances  under  five  miles,  it  appears 
to  be  near  enough  for  ordinary  work  to  read  to  the  nearest  minute  ( ' )  of  arc,  and  I  see  you  have  only 
carried  out  the  angles  as  far  as  they  change  sufficiently  rapid  to  give  a  good  '  Fix  ;*  so  one  is  not  likelv 
to  fall  into  the  mistake  of  trying  to  work  to  tenths  of  a  mile  by  an  angle  too  small  for  certainty.  I  think 
it  will  be  worth  while  to  get  a  small  box  sextant  for  that  kind  of  work  and  horizontal  angles  :  it  will  be 
handier  to  put  down  anywhere,  and  the  loss  will  not  be  so  grievous  if  it  should  jump  off  the  skylight 
and  cruise  around  the  deck.    I  nope  the  book  will  have  the  success  it  deserves." 

(Ofter^ 
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10 "THE    DANGER   ANGLE." 

OPINIONS    OF   THE   PRESS. 
■"The  Dangsr  Angle  and  Off-Shobe  DtsTANCs  Tables/  is  i 

Ihe  pen  of  Ihe  Author  of  •  Wrinkles,"  whose  ni 

in  the  Btilish  Merchani  Service.    The  unpreleatious  little  volume  before  us  cai 

right  to  a  place  in  the  library  of  all  careful  navig^lon. 

"  It  consists  of  two  puis.  Pact  I.  containing  tables  lor  heights  from  50  lo  1 ,000  feeC  Distances 
from  Ihe  tenth  of  a  mile  to  five  miles.  Fait  II.  (a)  containing  tables  for  heighti  from  200  to  6,000  feci. 
Distances  from  live  to  seventj  miles.  Pojt  II.  (A)  Heights  from  6.000  to  IZjixn  feet.  Distances  from 
ten  lo  eighty  miles.  Port  II.  (c)  Heights  from  11,500  to  18,000  feel-  Distances  fourteen  lo  one 
bundred  niiles.  Patt  I.  is  explained  as  only  to  be  used  in  connection  with  objects  lying  on  or  tnthin 
the  bounding  line  of  tile  observer's  borizotL     Fart  II.  hm  been  calculated  for  object*  b^/ond  thai 

"  The  advantages  of  this  little  work  are  evident  at  a  glance.  The  errors  in  estimating  the  distance 
of  vessels  from  shore  too  often  lead  to  casualties,  for  which  navigators  are  sometimes  brought  up  vilb  ■ 
round  turn  by  Courts  ol  Inquiry ;  and  while  Ihe  Author  does  not  champion  this  method  of  compntii^ 
a  ship's  ofT-ihore  distance  as  superior  to  all  others,  be,  nevertheless,  puts  in  a  compact  form  a  syiteai 
thai  the  experience  of  many  years  has  shown  to  be  handy  and  reliable  when  used  with  discretion.  The 
cose  and  simplicity  with  which,  when  coasting,  a  vciscl's  poHtion  can  be  iiied  ;  Ihe  clue  it  ifTords  to  the 
detection  of  faulty  steering,  compass  errors,  and  currenu,  together  with  the  sense  of  secuiity  and 
consequent  comfort  ot  mind  the  painstaking  mariner  is  sure  to  realise  by  its  use,  aie  all  so  many 
ailments  in  tavonr  of  the  method. 

"  The  Author's  reference  to  the  cate  of  a  vessel  standing  in  from  seaward,  to  make  her  port,  and 
bein^  able  lo  define  her  exact  posiliaQ,  and  shape  a  course  for  it  before  Ihe  coasl-Iine  is  even  viublc,  and 
this  wilh  scarcely  any  trouble,  is  an  illustration  that  navigators  will  appreciate,  and  one  with  whuh 
numbers  are  experimentally  familiar,  to  their  intense  satisfaction. 

"  We  are  Half  inclined  to  quote  some  of  the  Author's  examples,  but  are  persuaded  that  for  the  small 
cost  involved,  few  Masters  or  OITicers  will  be  content  to  remain  unpossessed  of  this  handy  book,  and  urill 
'read,  mark,  learn,  aud  inwardly  digest'  (or  themselves," — Afercantiit  Mafvu  Stmot  J! 
BEPOBTEB. 


"The  Merchant  Service  may  be  congtatutaled  on  being  able  to  number  on  tia  icnst 
one  whose  sympathies  are  so  entirely  with  his  brother  sailors,  that,  whilst  in  the  execution 
multifarious  duties,  he  still  finds  time  to  compile  and  prepare  for  publication  works  which  can 
to  be  appreciated  by  oavigatats.  It  has  aHbided  us  pleasure  to  note  the  increasing  dema 
"Wrinkles  in  Practical  Navigation,"  and  to  rei:mve  from  our  readers  afloat  testimony  of  the  i 
thai  work.  With  the  knowl«tge  that  the  publicatioD  is  being  eagerly  sought  after,  we  may  pr 
(imilar  expression  of  approval  on  the  part  of  the  painstaking  men,  who  will  be  pleased  to  lea 
Capuio  Lecky  has  made  a  further  contribution  to  standard  nautical  works. 

"The  Danger  Angle  and  OtT-shore  Distance  Tables"  has  just  been  issued.  Il  is  a  work 
leflecls  great  credit  upon  the  author,  and  can  only  have  been  completed  slier  very  greal  . 
Casualties  befalling  ships  are  frequently  found  to  have  arisen  from  erroneous  estimates  of  iheir  A 
from  the  land,  'f  he  method  of  dclerinining  this  point  has  hithetlo  been  difficult  in  practice, 
to  the  absence  of  tables  lo  assist  the  navigator  to  ascertain  by  simple  reference  thereto  tlie  ' 
distance  from  any  object  of  known  heighL  The  mariner  will  now  find  Ihat  the  diflicnltjt  b 
removed,  and  that  by  availii^  himself  of  the  infonnalion  ^ven  in  this  book,  he  has  gained  pom 
an  additional  safi^ard  10  navigation,  and  one  which  «iU  recommend  itself  by  its  simplicity 

"  Many  years'  experience  and  nnceasing  observation  must  have  been  required  lo  lest  and  la< 
tables  K)  comprehensive,  and  in  recommending  il  10  our  readers  we  are  confident  ihlt  the  11 
ive  an  invaluable  friend  to  the  mariner,  as  it  is  perfectly  sound  throughout,  and  only  teqnl) 
own  to  become  univcisiliyailopted." — BfitUh  Merchant  Serriat  Journal. 
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